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ABSTRACT
WOOD AND SOIL SURFACE C 02 FLUXES FROM A TROPICAL FOREST
ECOSYSTEM
by
Evilene C. Lopes 
University of New Hampshire, September, 2005 
Carbon cycling in tropical rainforests is an important component of the global 
carbon budget. A better understanding of controlling mechanisms and magnitude of C 02 
sources from tropical forests will improve our ability to predict future impacts of climate 
changes. The research presented in this dissertation has focused on determining the 
magnitude and characteristics of the C 02 flux from tropical wood and soil surfaces.
Stem C 02 fluxes were measured in a tropical moist forest at Tapajos National 
Forest (TNF) in Brazil and in a tropical wet forest at La Selva Biological Station in Costa 
Rica (LS) using infrared gas analysis methods. Annual stem C 02 fluxes for TNF and LS 
averaged 1.7 pmol m'2 s'1 and 4.5 pmol m‘2 s'1, respectively. At TNF wood surface area 
was calculated (4161 m2 ha'1) and wood C 02 flux extrapolated to ground area resulted in 
an annual flux of 259 g C m'2 y r 1.
Soil-atmosphere C 02 fluxes were measured at TNF using infrared gas analysis 
methods. Line sampling of soil C 02 fluxes made on randomly placed 30 meters transects 
averaged 4.7 + 0.2 pmol m'2 s'1 with higher rates during the wet season (4.9 + 0.3 pmol 
m'2 s'1) than during the dry season (4.4 + 0.2 pmol m'2 s'1). Fluxes were weakly 
correlated with precipitation and not correlated with soil moisture or temperature.
xii
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Geostatistical analysis of grid sampling of soil CO2 fluxes indicated that they were not 
spatially dependent. Fluxes measured during wet season and dry season on grid sampling
9 1 9  1averaged 5.6 + 0.2 pmol m' s' and 4.5 + 0.1 pmol m' s' , respectively.
The estimated annual average of soil surface CO2 flux for the TNF was 1780 g C 
m'2 yr'1. Assuming that root and heterotrophic respiration each contribute about 50% of
9 1soil CO2 efflux, then approximately 890 g C m '  yr' derive from each source. The
2  1 *estimated gross primary photosynthesis for the TNF is 3000 g C m" yr" (Miller et al., 
2004). Therefore, estimated contribution of wood and root CO2 flux to the GPP are 
respectively 8.7% and 15%.
xiii
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CHAPTER 1
CARBON BALANCE IN FOREST ECOSYSTEMS
1.1. Introduction
In the last two decades there has been an increase in the emission of radiatively 
important trace gases such as carbon dioxide (CO2), methane (CH4), and nitrous oxide 
(N2O), popularly known as greenhouse gases. These gases trap the outgoing infrared 
radiation from the earth’s surface. This process, generally referred to as the greenhouse 
effect, leads to regional and global changes in climate variables such as temperature and 
rainfall (IPCC, 2001). The atmospheric concentration of CO2 has increased from 280 
ppmv (parts per million by volume) at the beginning of the industrial revolution to the 
present-day value of 377.4 ppmv (Keeling and Whorf, 2005). This increase is attributed 
to anthropogenic activities such as fossil fuel burning and land use change (Prentice et al., 
2001).
Estimates for annual emissions of CO2 from fossil fuel combustion and land-use 
change for 1990 - 1999 was 6.3 + 0.4 Pg C yr'1 (Pg = 1015 g; Prentice et al., 2001) and 2.2 
+ 0.8 Pg C yr'1 (Houghton, 2003), respectively. The oceans and the atmosphere are 
estimated to take up 2.4 + 0.7 and 3.2 + 0.1 Pg of C per year, respectively (Plattner et al., 
2002; Prentice et al., 2001), resulting in a residual terrestrial sink of 2.9 Pg C yr'1 
(Houghton, 2003). High- and mid-latitude forest ecosystems have been proposed to be 
responsible for this imbalance in the carbon budget (Tans et al., 1990).
1
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Most carbon cycling through land annually takes place locally within ecosystems. 
An equivalent amount to one-third of the CO2 present in the atmosphere dissolves into 
leaves and diffuses out again without participating in photosynthesis (Farquhar et al., 
1993; Ciais et al., 1997). The remaining CO2 that is converted to carbohydrate during 
photosynthesis, is known as gross primary production (GPP). Terrestrial GPP has been
1 1Sestimated to be about 120 Pg C yr' based on O measurements of atmospheric CO2 
(Ciais et al., 1997). This is also the approximate value necessary to support the observed 
plant growth, assuming that about half of GPP is incorporated into new plant tissues such 
as leaves, roots and wood, and the other half is converted back to atmospheric CO2 by 
autotrophic respiration (Lloyd and Farquhar, 1996; Waring et al., 1998).
The difference between photosynthesis and autotrophic respiration is referred to 
as net primary production (NPP). NPP has been measured in all major ecosystem types 
by sequential harvesting or by measuring plant biomass (Hall et al., 1993). Global 
terrestrial NPP has been estimated at about 60 Pg C yr'1 by integration of field 
measurements (Atjay et al., 1979; Saugier and Roy, 2001). Estimates from remote 
sensing and atmospheric CO2 data (Ruimy et al., 1994; Knorr and Heimann, 1995) 
concur with this value, although there are large uncertainties in all methods. Eventually, 
nearly all of the carbon fixed in NPP is returned to the atmospheric CO2 pool through two 
processes: heterotrophic respiration (Rh) by decomposers (bacteria and fungi feeding on 
dead tissue and exudates) and herbivores and by combustion in natural or human-set 
fires.
Most dead biomass enters the detritus and soil organic matter pools where it is 
respired at a rate that depends on the chemical composition of the dead tissues and on
2
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environmental conditions, such as temperatures and moisture. Conceptually, several soil 
carbon pools are distinguished. In the past, old growth forests were often considered to be 
steady-state systems. Recent studies in old growth tropical forest sites have suggested 
that tropical rain forests may act as active net carbon sinks (Grace et al., 1995; Baker et 
al., 2004). However, the claim that old growth tropical forests are taking up substantial 
amounts of carbon has been disputed (Saleska et al., 2003; Miller et al., 2004). Studies 
predict large carbon losses from tropical forests if temperature increases due to climate 
change (Cox et al., 2000; Raich et al., 2002). Hence, a better functional understanding of 
the balance between photosynthesis and respiration will help to more accurately model 
future carbon dynamics in forested ecosystems.
Ecosystem respiration is partitioned in to above and belowground components. In 
forests, the aboveground component consists mainly of leaves and wood (stems, branches 
and above-ground coarse roots) whereas belowground refers to soil (roots and 
heterotrophs). Soil CO2 emissions are a major component of the ecosystem carbon efflux 
especially in cold environments, such as temperate and boreal forests where 
approximately 75% of GPP is released back to the atmosphere (Table 1.1). In these 
environments, aboveground biomass components release less carbon from GPP, around 
5% from woody-tissue (stems and branches) and 15% from foliage (Ryan et al. 1997;
Law et al. 1999; Lavigne et al., 1997; Goulden et al., 1996). In tropical forest 
ecosystems, including semi-deciduous forests, evergreen forests and Eucalyptus 
plantations, the soil CO2 efflux ranges between 25 - 60% of GPP (Saleska et al. 2003; 
Chambers et al., 2004; Schwendenmann et al., 2003; Giardina et al., 2003) and the ratio 
of woody-tissue CO2 efflux to GPP ranges between 11-14% (Table 1.1).
3











Table 1.1 Ratios of woody tissue (Rw), foliage (Rf) and soil (Rs) CO2 flux to gross primary productivity (GPP) for tropical, 
temperate and boreal forest ecosystems._____________________________________________________________________
Ecosystem GPP
gC m'2 yr'1
Rf : GPP Rw: GPP Rs: GPP Reference
Tapajos National Forest, Para - Brazil 3,000 - - 0.25 Saleska et al. (2003)
ZF-2 Experimental Station, Amazonas - Brazil 3,010 0.32 0.14 0.40 Chambers et al. (2004)
La Selva, Costa Rica 2,700a - 0.11a 0.60b aRyan et al. (1994)
bSchwendenmann et al. (2003)
Temperate evergreen, Oregon - USA 901 0.15 0.06 0.75 Law et al. (1999)
Temperate deciduous, Massachusetts - USA 1,101 - 0.10 0.68 Goulden et al. (1996)
Boreal coniferous, Canada 963 0.06 0.09 0.61 Lavigne et al. (1997)
1.2. Carbon dioxide emission from plants
Plants respire approximately 50% of the carbon obtained from photosynthesis, 
with the remainder available for growth, propagation, nutrient acquisition, and litter 
production (Prentice et al., 2001; Ciais et al., 2001; Lloyd and Farquhar, 1996; Ryan et 
al., 1994b). Respiration and photosynthesis respond differently to environmental 
variables such as CO2 concentration, temperature, precipitation, ozone, atmospheric 
pollutants, and nutrient input.
Partitioning plant respiration into functional components of construction and 
maintenance (Lambers, 1985; Amthor, 1989) has greatly increased our understanding of 
the potential impact of the environment on respiratory processes. Maintenance is the 
most responsive of the functional components of respiration to environmental change, 
because the process of protein synthesis and replacement, membrane repair, and 
maintenance of gradients of ions and metabolites vary exponentially with temperature. 
Construction is equal to the total carbon cost minus carbon incorporated into structure. 
The environment can affect construction costs through reduction in growth from 
increased water stress (Bradford and Hsiao, 1982; Hanson and Hitz, 1982) and pollutants 
(Darall, 1989) reducing total construction respiration.
1.2.2. Environmental effects on plant respiration
Two general classes of environmental factors can be considered with respect to 
effects on respiration or the processes regulating respiration: resource limitation and 
physical perturbation. Resource limitations are subdivided into limitations of the 
substrates of photosynthesis (i.e., light and CO2) and limitations of other resources such 
as water, nutrients, and heat (Amthor 1994).
5
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The mechanism controlling tree respiratory acclimation to low light are unknown 
(Sims and Piercy, 1991). In general, low light slows things down, and respiration is 
pulled along more slowly as a consequence. Therefore, slow respiration rates of trees in 
low-light environments is due in part to a history of slow photosynthesis and a 
consequent repression of processes using respiratory products that are associated with 
rapid carbohydrate processing and translocation.
Water stress reduces photosynthesis, growth, and total plant respiration (Bradford 
and Hsiao, 1982; Hanson and Hitz, 1982). Because the process of growth (cell expansion 
and cell wall synthesis) is apparently more sensitive to decreasing plant water potential, 
maintenance appears to have priority for labile carbon. Therefore, most of the reductions 
in total respiration with water stress is likely derived from a decrease in construction 
(Hanson and Hitz, 1982).
Respiration rate in general, and maintenance respiration rate in particular 
(Amthor, 1984), respond strongly to short-term changes in tissue temperature over a 
broad thermal range (Figure 1.1). Beginning at several degrees below 0°C -  respiration is 
very slow but often measurable -  respiration rate may increase exponentially with 
temperature up to at least the prevailing temperature of the plant’s environment (Amthor, 
1994).
6
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Measurement temperature (°C)
Figure 1.1. Idealized relationship between respiration rate temperature.
Respiration rate typically increases more or less exponentially, passes through an 
inflection point, and reaches a maximum rate with a shoulder between perhaps 40 and 
50°C. With still further increases in temperature, respiration rate declines sharply 
(Amthor, 1989). The response of respiration to temperature in and above the shoulder are 
time-dependent, i.e., the duration of exposure to high temperature determines in part the 
respiration rate at the temperature with longer exposures resulting in slower respiration.
Environmental physiologists often express respiration rates in terms of Qio, the 
change in rate with a 10°C change in temperature. For a wide variety of plant material 
(mostly agricultural crops) Qio ranges from 1.6 to 3 but centers about 2 (Amthor, 1984). 
Qio reported for woody plants appears to vary less, but may be slightly higher (2.3; Butler 
and Landsberg, 1981, 2.0: Lider and Troeng, 1981, 1.5 - 2.6: Lawrense and Oechel, 1983, 
1.8-2.8: Ryan, 1990).
7
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Rates of many physiological processes at any given temperature are quantitatively 
linked to temperature history (e.g., Amthor, 1994; Amthor and McCree, 1990) as a result 
of acclimation processes (phenotypic adjustments to a change in temperature) and 
respiration is not an exception (Lider and Troeng, 1981). These observations do not 
contradict the short-term response to temperature shown in Figure 1.1. Instead, a plant 
acclimated to a relatively high temperature can still show a response to temperature 
similar to that in Figure 1.2, but with the entire curve shifted to the right.
1.2.3. Scaling up fluxes
Scaling up fluxes of wood CO2 has been an important and challenging task of for 
previous studies. Reasonable measurements of wood CO2 flux alone are not enough to 
estimate annual fluxes. Several indexes have been used to scale up wood CO2 flux, such 
as sapwood volume, surface area and wood volume, all present limitations. In cold 
climate ecosystems, such as boreal and temperate forests, sapwood volume has been the 
most appropriate index used to extrapolate fluxes (Ryan et al. 1997, Law et al. 1999, 
Lavigne et al., 1997).
Sapwood volume is not as easily quantified in tropical wood for three reasons. 
First, conventional stain methods (Feist et al., 1971) do not work properly on extremely 
hard and dark colored wood found in old growth tropical forests (Personal observation; 
Chambers et al., 2004). Second, photometric methods to determine the boundary of 
sapwood-heartwood such as those used in Gower et al. (1997) are usually unavailable in 
tropical countries and imply overseas exportation of wood sample. Third, high tree 
species diversity tropical forests make it difficult to establish a general allometric 
relationship between sapwood volume and tree diameter.
8
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Surface area of wood is not an ideal index for flux extrapolation due to its 
predisposition to overestimate fluxes (Sprugel and Benecke, 1991). However, it still the 
best alternative method to scale up wood CO2 flux from tropical forest ecosystems (Meir 
and Grace, 2002; Chambers et al., 2004).
1.3. Carbon dioxide emission from soil 
Carbon dioxide is produced in soil as a result of biological and non-biological 
processes. Microbial, root and faunal respiration occur at the soil surface or within a thin 
upper level layer where the bulk of plants residue is concentrated. Changes in land use 
can alter both the pool size and turnover rates of soil organic matter (Davidson et al., 
2000). Jenkinson and Rayner (1977) identified different carbon pools ranging from a 
decomposable pool with a radiocarbon age of less than 1 year, a biomass pool 
(radiocarbon age of 25.9 years) and chemically stabilized pool (radiocarbon age of 2565 
years). The decomposable and the biomass pools of carbon constitute labile carbon, 
which declines faster and is restored faster than the non-labile carbon pool, and therefore, 
is a more sensitive indicator of carbon dynamics of the system (Trumbore et al., 1995).
Factors such as soil texture, temperature, moisture, pH, available carbon (labile 
and non-labile components of soil organic matter) and nitrogen content of the soil 
influence CO2 production and emission from the soil (Bunnell, 1977). For root 
respiration, the source of carbon is photosynthesis and its translocation to roots; while 
litter fall and root mortality provide carbon for microbial respiration in the soil. Soil 
organic matter includes a wide variety of organic substances ranging from freshly added 
leaves to substances at varying stages of decomposition (Trumbore et al., 1995).
9
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Soil texture affects the spread of microbes and the growth of bacteria and fungi 
through the supply of air and moisture, and thus affects production of CO2 . It also affects 
water infiltration and gas diffusion and consequently CO2 formation and emission. For 
example, Kowalenko and Ivarson (1978) observed that CO2 evolution was greater from 
clay loam soil (6.2 kg CO2 ha'1 day'1) than sandy soil (3.3 kg CO2 ha'1 day'1).
Hydrogen ion activity (pH) of soil has a marked effect on the growth and 
proliferation of soil microbes. In soils with pH 3.0, less CO2 efflux has been observed 
than from soils at pH 4.0 (Orchard Valerie and Cook, 1983). This is attributed to adverse 
effect of low pH on soil microbial activity, which contributes to lower CO2 evolution. 
Kowalenko and Ivarson (1978) have reported an increase in CO2 evolution with pH. 
However, soil pH beyond 7.0 is adversely affected with regard to CO2 emission (Rao and 
Pathak 1996).
Soil moisture affects respiration in soil and hence CO2 evolution (Johnson et al., 
1994; Marshall and Mattson, 1994; Meenakashi et ah, 2000; Sotta et ah, 2004). In 
general, increasing soil moisture would increase CO2 evolution up to an optimum level, 
above which it would reduce CO2 evolution. Periodic drying and wetting of tropical 
forest soils has a pronounced influence on CO2 evolution (Sotta et ah, 2004; Davidson et 
ah, 2000). When soil is rewetted the activity of the microbes that had been in a latent 
state in the dry soil increases, accompanied by release of air trapped in the soil pores, 
contributing to an increase in CO2 evolution (Orchard Valerie and Cook 1983).
Apart from the direct effects of temperature and moisture their interaction assume 
great significance in view of global warming and likely disturbances in precipitation
10
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patterns. However, Kowalenko (1978) observed that temperature was the most dominant 
factor in determining CO2 emissions from soil.
Moore and Dalva (1997) simulated soil temperature and water table position to 
determine their influence on CO2 emission. At 23°C emission of CO2 was 2.4 times larger 
than that at 10°C and CO2 emission showed a positive, linear relation with water content 
of the soil. Bijracharya et al. (2000) also observed a significant correlation of carbon flux 
from soil with both soil and air temperatures (R = 0.80), but not with soil moisture.
Grahammer et al. (1991) observed that under dry soil conditions soil CO2 
emission was greater during the day than at night, while day and night soil respiration 
rates were similar when soil was wet. This is attributed to reduction in the variability in 
soil temperature when soil is wet.
1.3.1. Long and short term variability of soil CO-> emissions
In cold climate forests, maximum soil CO2 emission occurs during the growing 
season coinciding with the period of maximum growth and temperature (Kessavalou et 
al., 1998). Seasonal soil CO2 emission is maximum in spring followed by summer, 
autumn and winter. In spring, neither temperature nor moisture is limiting, resulting in 
higher growth rates and higher soil respiration. In summer, moisture becomes limiting 
and in winter the limiting factor is temperature, hindering growth and soil respiration.
In tropical forests average temperatures are constant throughout the year, the 
lowest soil CO2 emissions were observed during the dry season and the highest rates 
occurred during the wet season (Saleska et al., 2003; Varner et al., 2003; Nepstad et al., 
2002; Davidson et al., 2002). During the dry season, soil CO2 flux is mainly due to root
11
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respiration, while during the wet season moisture enhance decomposition of organic 
matter, increasing rates of soil CO2 fluxes (Davidson et al., 2000).
1.3.2. Spatial variability of soil CO? fluxes
Spatial variability of soil CO2 fluxes have been reported to occur at a scale 
smaller than 15 cm, which is attributed to the contribution of plant roots as maximum soil 
respiration during the growing season coinciding with the period of maximum root 
growth (Rochett et al., 1998). However, in another study, CO2 emission exhibited spatial 
variability at a scale of more than 50 m (Pol van Dasselaar et al., 1998). Soils can be 
heterogeneous in terms of CO2 production. In pastures and drained grasslands the spatial 
variability of CO2 flux is very high due to hot spots where nutrients and moisture are 
concentrated.
1.4. Summary
This dissertation is divided in two main parts. The first part (Chapter 3) is related 
to wood CO2 flux for two tropical forests with contrasting precipitation patterns: Tapajos 
National Forest in Brazil and La Selva Biological Station in Costa Rica. Annual average 
of wood CO2 fluxes was scaled up to the stand level using allometric equations of wood 
surface area and diameter at breast height generated at the Tapajos National Forest. The 
second part (Chapter 4) consist of estimates of the annual average soil CO2 flux and 
evaluation of its spatial dependency throughout a 100 hectares of old growth forest at the 
Tapajos National Forest. Site characteristics, methodology used to measure CO2 from 
wood and soil, surface area of wood are described in details in Chapter 2. The 
importance of this research for the carbon balance of the Tapajos National Forest and the 
future of wood and soil-atmosphere CO2 flux research is discussed in Chapter 5.
12
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CHAPTER 2
COLLECTION AND ANALYSIS OF SAMPLES FOR C 0 2
2.1. Introduction
The methodology for the measurement of carbon dioxide (C02) fluxes from soil 
surface and wood is described in the following chapter. A portable system to analyze 
C 0 2 in field conditions has been adapted from existent systems and improved with 
experience in the field. I will describe this system and the changes made during the data 
collection.
For measurements of C 0 2 fluxes under field conditions I used a portable infrared 
gas analyzer (IRGA). In this study, two different models were compared: the LI-6251 
and LI-820. The LI-6251 can operate in either absolute or differential modes and 
provides high accuracy and precision of measurements and performed well for 
continuous measurements of wood C 0 2 flux and soil C 0 2 flux measurements. The LI- 
820 is a smaller and lighter, single channel IRGA excellent for fieldwork but it is not as 
precise as the LI-6251 and it also requires a longer stabilization time. Comparison 
between these instruments revealed insignificant differences between measured fluxes.
Besides reliable measurements of C 0 2 flux, extrapolation is a very important 
aspect of carbon budget. I estimated stem surface area from harvested trees using a 
trigonometric approach similar to Chambers et al. (2004). Branch surface area was 
estimated combining work of Yoneda et al., (1994) and Valentine et al., (1984). Wood 
surface area is the sum of stems and branch surface area.
13









Figure 2.1. Localization of the Tapajos National Forest and La Selva Biological Station. 
2.2.2. Tapajos National Forest
The Tapajos National Forest (TNF) is a 560,000 hectares unit of the Brazilian 
Forest System (Figure 2.1) located in western Para state (55° 18’W, 2° 50’S). The 
climate of the region is classified as Ami in the Koppen system (Hernandez Filho et al., 
1993 cited in Parrota et al., 1995) with mean annual temperature of 25°C and average 
annual rainfall approximately 2,000 mm. The heaviest precipitation falls between 
January and June with peak in April and the drier months are August, September and 
October, reaching the minimum of 60 mm per month (INEMET, 2000). Site 
characteristics are summarized in Table 2.1.
14
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Undisturbed forest site (km 67)
Selectively logged forest site (km 83)
CM** 1*0,330
Figure 2.2. Map of TNF showing undisturbed (km 67) selectively logged (km 83) forest 
sites. Source: Instituto Brasileiro do Meio Ambiente.
In the TNF two types of soils are present. Kaolinitc clayey Oxisols (Yellow 
Distrophic Latosol) is the predominant soil type on plateau, and sandy loams (Ultisols) on 
open forests (Silver et al., 2000). The vegetation of the TNF consist of upland dense 
forest predominant on flat plains in the north and hilly terrain in the south; flanco forest 
located on slopes near the Tapajos River, and the open forests located on southern region 
(Parrota et al., 1994). The upland forest is the dominant, covers one third of the TNF. The 
emergent species of the TNF are Bertholletia excelsa, Couratari spp., Dinizia excelsa,
15
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Hymenea courbaril, Manilkara huberi, Parkia spp., Pithecellobium  spp., and Tebebuia 
serratifolia (Silva et al., 1985 cited in Parrota et al., 1995).
Table 2.1. Site characteristics for TNF and LS.
TNF LS
Climate Tropical moist Tropical wet
Predominant Burseraceae, Lecythidaceae, Leguminosae, Rubiaceae,
Tree families Mimosaceae, Rubiaceae, Palmae, Moraceae,
Sapotaceae, Vochysiaceae Annonaceae, Tiliaceae, Myristicaceae
Rainfall (mm yr'1) 2 , 0 0 0 4,000
Soil type Oxisols and Ultisols Entisols, Inceptisols, and Ultisols
2.2.3. La Selva Biological Station
La Selva Biological Station (LS) is a 1,536 hectares reserve located on the 
foothills of the central volcanic mountain chain of Costa Rica (10° 26’N, 83° 59’W). 
About 55% of the area is primary forest (Figure 2.3) the remaining area is divided among 
selectively logged, secondary forest, pasture and abandoned plantations (McDade and 
Hartshorn, 1994).
The area receives about 4,000 mm of rain annually with no month receiving less 
than 100 mm and the daily temperature range between 18°C and 24°C, with more diurnal 
temperature variation than seasonal (Sanford et al., 1994). Soils are of recent volcanic 
origin and correspondingly relatively rich in nutrient. Significant portions of LS soils are 
alluvial and relatively nutrient rich (Sollins et al., 1994) and vegetation is classified as a 
wet tropical forest (Harsthom and Peralta, 1998).
16
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Figure 2.3. Map of LS showing sampling plots (white square). (Source: Organization of 
Tropical Studies).
The dominant tree species at LS is Pentaclethra macroloba. Subcanopy palms are 
a distinctive component of this vegetation type (Welfia georgii Wendland ex Burret, 
Iriartea dektoidea Ruiz & Pavon and Socretea exorrhiza (C. Martius). Typical subcanopy 
dicot species in this forest include Dendropanax arboreus (L.) Dene. & Planchon 
(Araliaceae), Dystovomita paniculata (J. D. Smith) Hammel (Clusiaceae), Protium  
panamense (Rose) I. M. Johnston and P. pittieri Porter (Burseraceae), and Unonopsis 
pittieri Safford (Annonaceae) (Hartshorn and Hammel, 1994).
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2.3 Apparatus
2.3.1. Gas-exchange systems
Flux measurements of CO2 from wood and soil were made using an integrated 
backpack system (Figure 2.4) consisting of an IRGA, flow meter, air pump, data logger, 
and handheld computer. A battery-operated pump maintained a constant flow of 300 cm 
min' 1 between a dynamic open chamber headspace to the IRGA (Licor, Bioscience, 
Lincoln, Nebraska) for CO2 measurement.
A flow meter (Dwyer Instruments, Inc. Michigan City, Indiana, USA) monitored 
the air-flow between the enclosure and the IRGA. Temperature of stems was measured at 
the same time using a thermocouple wire or a stainless steel digital thermometer probe 
when soils were measured. The average readouts from wood and soil CO2 flux 
measurements were recorded on a 10 seconds interval with a data logger (CR10X, 
Campbell Scientific, Inc, Logan, Utah) and a handheld computer (HP-200 LX, Hewlett 
Packard Inc., Houston, Texas).
Figure 2.4. Gas-exchange system used in measurements of wood and soil CO2 flux.
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2.3.2. IRGA
Two models of IRGA the LI6251 and LI820 (Licor, Bioscience, Lincoln, 
Nebraska) were used during measurements. The LI6251 can operate in absolute and 
differential modes while the single channel LI820 IRGA operates exclusively in absolute 
mode. In absolute mode of a dual cell analyzer such as the LI-6251, the reference cell is 
filled with C0 2 -free gas while in differential mode the reference cell is filled with a 
flowing C0 2 -containing gas (Figure 2.5). Differential mode was preferred for continuous 
measurement of wood CO2 flux and the absolute mode was used for discontinuous 
measurements of wood CO2 flux using the single channel instrument LI820 and for 












Flow meter Sam ple Cell
---------- Differential
Absolute
Figure 2.5. Illustrative flow diagram showing differential (solid line) and absolute modes 
(dashed lines) of CO2 analyzer.
Despite its longer stabilization time compared to the LI6251, the LI820 was 
incorporated to our portable systems due to its portability, lower sensitivity to dirt and 
moisture, lower maintenance requirement. Simultaneous CO2 flux measurements from
19
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soil showed no significant difference between these two models (Section 2.5).
2.3.3. Stem cuvette and soil chamber
The cuvettes consist of small section (14 cm length) of transparent acrylic pipe (5 
and 3 cm diameter for different chamber sizes) cut in half with extremities covered with 
small sections of acrylic sheet forming a half cylindrical shape enclosure. This design is 
an adaptation of cuvettes used measurements of stem CO2 flux in Canada (Ryan et al., 
1997) and in La Selva, Costa Rica (Ryan et al. (1994). Two different sizes (Figure 2.6) of 
cuvettes were made in order to fit different sizes and shapes of stems and branches. The 
larger size cuvette covered 122.4 cm while the smaller covered 64.5 cm of wood 
surface. A flexible foam was glued around the edges of the cuvette to provide a good seal 
during the installation of the chamber to rough and porous bark.
Figure 2.6. Cuvettes used for measurements of CO2 flux from large stems (left) and 
small stems and branches (right).
Soil chambers consisted of two pieces: base sections of polyvinyl-chloride pipe 
(25 cm diameter) that served as a seal to the soil surface and a cylindrical shaped 
acrylonitrile-butadiene-styrene cover with an air-gap on the top to minimize differential
20
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pressure air exchange between inside and outside (Rayment and Jarvis 1997). The covers 
fit tightly on the base (Figure 2.7) forming a nearly cylindrical enclosure of 
approximately 20 cm height when inserted into the soil (Varner et al., 2003; Keller et al., 
2005).
2.4. Calibration
Calibration of the LI-6251 gas analyzer consisted of adjusting the zero and span 
potentiometers so that the analyzer’s output matched the linearization of the polynomial 
equation provided by the manufacturer. It was performed weekly. Dry CC>2 -free nitrogen 
was used as zero reference, and secondary standards of CO2 mixed in the air that have 
been calibrated against reference standards from CMDL (NOAA) of concentrations 
between 350 and 600 ppm were used as span gas (LI-COR, 1990).
Figure 2.7. Chamber used in measurement of soil CO2 flux
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Table 2.2. Coefficients of linear regression for correction of fixed values of air flow at 
flow meter used on portable systems.
Flow meter location Intercept Slope R2
Sample cell (LI-6251) 24.9 0.92 0.996
Reference cell (LI-6251) 6 8 . 1 0 . 8 8 0.999 -
Sample cell (LI-820) 1 2 . 6 0.95 0.998
The calibration of the LI-820 model was made using the same dry CC^-free gas 
for zero and ambient concentration CO2 standards. Necessary adjustments of zero and 
span were made electronically using the manufacturer supplied software and a personal 
computer connected to the instrument (LI-COR, 2002).
Needle valves were used to regulate airflow in the gas-exchange system. Flow­
meters were calibrated against an electronic bubble flow meter traceable to NIST 
standards (Gilibrator, Gilian Instrument Corp., New Jersey). Once defined by calibration 
fixed flow rates were well correlated with measured flow rates (R2 > 0.99) and the linear 
equations resulted from this calibration (Table 2.2) were used to correct flow rate values 
during CO2 flux calculations.
2.5. Comparison between IRGA models 
A series of CO2 flux measurements were performed in backyard of the LB A- 
Ecology Project office in Santarem, Brazil. Soil was compacted, and exposed to high 
temperatures in the afternoon resulting in large emissions of CO2 compared to fluxes 
measured under the forest canopy. In order to compare measurements made with two 
different IRGA models a total of 12 points were assigned and each instrument was used 
to measure CO2 flux twice in each location going in a random cycle between 4:30 pm and 
8 : 1 0  pm local time.
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The average of CO2 flux measured with LI-6251 were 8.7 (±0.4), 8 . 6  (±0.5) and 
for LI-820 10.3 (±0.6), and 8 . 8  (±0.4) prnol m ' 2 s' 1 (Figure 2.8). A paired t-test by 
chamber location indicated that the first set of measurement made with LI-820 was 
significantly higher than the second set and the two sets of measurements made with LI- 
6251. This inconsistency of may be due to time required for stabilization of the LI-820 
of 1.5 hours compared with only 15 minutes required for the LI-6251 model. We 









LI 820 A LI 820 BLI 6251 A LI 6251 B
Figure 2.8. Average soil CO2 flux (±SE) measured with a LI-6251 and a LI-820 from 
twelve different locations at the backyard of the LB A project in Santarem.
2.6. Precision of CO? flux measurements
Stem CO2 flux was measured from two locations at the same tree stem of a 
Eschweilera wachenraimis located at the selectively logged site of the TNF (#419, DBH 
= 37.5 cm, University of California at Irvine tree survey), six times each, using the LI- 
820 in January 20, 2003. The same procedure was repeated only on location II of the 
same tree on January 22, 2003. The CO2 flux measurements averaged 2.8 (±0.11 S.E.)
23
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
pmol m ' 2 s' 1 for location I, and 1.5 (+0.10 S.E.) and 1.4 (+0.11 S.E.) pmol m ' 2 s' 1 for 
January 20 and 22, respectively (Figure 2.9).
A paired t-test indicated that location I was significantly different from location II 
and that CO2 fluxes measured on location II measured on the same day and two days 
later, and stem CO2 Fluxes measured on the same location were not significantly different 
when measured in different days. Locations I and II from the tree stem differed 
significantly (P<0.0001) in two different occasions. Measurements made on the same 













Figure 2.9. Averages (+ S.E.) CO2 flux measured on two distinct locations of the stem (h 
= 1.3 m) of Eschweilera wachenraimis (DBH = 37.5 cm) located at the selectively 
logged site of the TNF.
This result suggests that stem CO2 flux measurements need to be made preferable 
on the same location of the stem during in order to detect temporal variation of fluxes. In 
order to avoid bias due to spatial variability of fluxes within the stem (especially for large 
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2.7. Surface area of wood
Assuming that the stem is a truncated cone regardless of species and forest types 
the surface area of main stem (As) was calculated by:
As — 7t (r0 +  rmjn) +  ( r0 — rmjn) ] [2.1]
where r0, rmjn and H are radii at a stem base and top, and tree height respectively 
(Chambers et al., 2004).
Branch surface area was calculated according to Yoneda (1994) who applied the 
pipe-model theory (Shinozaki et al. 1964 as cited in Yoneda (1994):
O (d) = K d' 2 [2.2]
where K is a tree characteristic defined as:
K = 4 wB / (7t p (dmax -  dmin)) [2.3]
where wb is the dry weight of branches and p is wood density assumed to be an average
•3
of 500 g m' (Feamside, 1997), dmjn and dmax are the minimum and maximum diameters 
of branches of a tree.
Ab -  71 K In (dmax/dmin) [2.4]
Measurements of branch weight ( w b )  were made applying the approach described
in Valentine et al. (1984), which uses randomized branch sampling. The weight of each
intemodal segment in the path is inflated by the reciprocal of its probability of occurring 
in the sample. Paths were selected and an accumulated probability was calculated from 
values of diameters and length of branch sections. A small branch section was cut off the 
crown and weighted. The total branch weight for a tree was then obtained dividing the 
branch weight by the probability value.
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CHAPTER 3
TREE LEVEL CONTROL AND SEASONALITY OF WOOD C 0 2 EFLUXES
3.1. Introduction
Gross primary productivity (GPP) is the sum of net primary productivity (NPP) 
and autotrophic respiration. Autotrophic respiration is difficult to estimate and its 
relationship with GPP is sometimes assumed to be a constant and close to 0.5 in forest 
ecosystems, although data clearly supporting this is lacking (Waring et al. 1998). 
Autotrophic respiration includes belowground and aboveground components, the latter 
comprised by leaves and wood.
Wood C 0 2 flux is relatively understudied (Sprugel and Benecke 1991) even 
though it varies significantly among stands (Lavigne et al., 1996; Ryan et al., 1997) and 
with temperature (Ryan, 1991). It has been estimated for boreal (Lavigne et al., 1997;
Law et al., 1999), temperate (Damesin et al., 2002; Edwards et al. 2002; Edwards and 
Hanson 1996) and tropical forests (Ryan et al., 1994; Chambers et al, 2004; Meir and 
Grace 2002) and Eucalyptus plantation (Giardina et al., 2003); their average values range 
between 6  -15% of GPP. Boreal and temperate coniferous forests fall at the lower limit of 
this range, whereas temperate deciduous, tropical forests, and Eucalyptus plantation fall 
in the upper limit of this range.
Branches are frequently unaccounted in wood C 0 2 flux estimates, even though 
there are some reports indicating that branch respiration can be equivalent to stems 
(Damesin et al., 2002; Granier et al., 2000). Estimates of branch C 0 2 flux was equivalent
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to stems and root respiration from a temperate deciduous forest in France, and the 
aboveground wood CO2 flux accounted for 26% of the GPP (Damesin et al., 2002; 
Granier et al. 2000). The higher respiration from branches compared to stems is attributed 
to larger amount of active cells located in branches (Sprugel and Benecke, 1991).
The extrapolation of wood CO2 flux is an uncertain issue and variable among 
studies. Sapwood volume has been extensively used to extrapolate respiration rate in 
temperate and boreal forests where detailed information is available (Lavigne et al., 1997; 
Law et al., 1999). Wood surface area and volume are the most common method used to 
scale up stem respiration from tropical forests (Chambers et al., 2004; Meir and Grace, 
2 0 0 2 ) due to the lack of information about sapwood volume in the species diverse 
environment.
The main objective of this research is to address: (1) the spatial variability of stem 
CO2 flux within the tropical forest canopy differentiating overstory from understory trees, 
(2 ) within tree variability of CO2 flux comparing fluxes from upper and lower levels of 
stems and branches and around the stem, (3) diurnal variability of stem CO2 flux with 
temperature, (4) seasonal variability of stem CO2 flux with changes of precipitation 
(comparison between wet and dry season), and (5) extrapolation of annual wood CO2 flux 
using surface area of wood estimated from logged trees at a nearby site.
3.2. Methods
3.2.1 Study sites
This study took plat at the TNF and LS (see Chapter 2 for detailed site 
characteristics). At the TNF both sites were located near the Cuiaba-Santarem (BR-163) 
highway in a undisturbed forest (UD) site located near the km 67 (2.857° S, 54.959° W)
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and the selectively logged (SL) site located near the km 83 (3.017° S, 54.9707° W). In LS 
five plots of 0.5 hectare. Plots A l, A2, and A3 were located at the Inceptisol terraces, and 
the LI and eddy flux tower were located at Ultisol hilltops (D.A. Clark, personal 
communication).
3.2.2. Experimental set up
Within canopy variability of stem CO2 flux was addressed measuring stem CO2 
flux from trees whose canopy were located in different layers of the forest canopy at the 
TNF. An arbitrary classification labeled emergent, dominant, co-dominant and 
suppressed trees were those whose crown were located above all other trees of forest 
canopy, at the highest layer of the canopy, in intermediate and lower layers of the canopy, 
and below the lowest layers of the canopy, respectively.
Stem CO2 flux measurements were made randomly through straight lines inside 
the forest on previously identified trees (family, genus and species), which had metallic 
dendometer bands attached to them for measurement of stem growth as part of a biometry 
study (Rice et al., 2004; Miller et al., 2004). Flux measurements were made only once on 
each tree on a total of 547 trees in two field campaigns between July and August 2000 
and between July and September 2001.
Within tree variability of CO2 flux was evaluated at the control plots of the 
throughfall exclusion experimental forest, the Seca Floresta site (Nepstad et al., 2002), 
near the undisturbed forest site of TNF. Seven trees at this site were selected (Table 3.1) 
due to their proximity to towers and platforms available at this site that provided access 
to branches and upper portions of stem. Identification numbers refer to individual trees 
identified by genus and species the throughfall exclusion experiment at TNF.
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Table 3.1. Trees from Seca Floresta site used for measurements of CO2 flux from 
branches, upper and lower portions of stem.________________________________
Tree ID Canopy level Family Genus/species DBH
(cm)
64 co-dominant Sapindaceae Toulicia guianensis 13.2
90 co-dominant Annonaceae Guatteria schomburgkiana 24.1
113 dominant Moraceae Perebea mollis 22.3
133 dominant Lauraceae Licaria brasiliensis 26.7
136 suppressed Anacadiaceae Thyrsodium paraense 1 0 . 8
8 6 co-dominant Anacardiaceae Thyrsodium paraense 9.9
1406 co-dominant NI NI 1 1 . 2
NI = not identified
Diel variability of stem CO2 flux with temperature was addressed through 
continuous measurements of stem CO2 flux and temperature. At the TNF stem C02 flux 
and temperature were measured in January (21-23) 2003, from an emergent tree Carapa 
guianensis, (DBH = 58cm) for 72 hours and in August (11-12) 2003 from a dominant 
tree Manilkara huberi, (DBH = 45.6 cm) for 24 hour. At LS measurement of stem CO2 
flux and temperature occurred in April 14 2004 from an unidentified tree near the 
laboratory building at LS between 9:00 am and 9:00 pm.
Seasonal variability of stem CO2 flux was addressed with frequent 
measurements at different times of the year at TNF and LS. Fluxes measurements were 
made during the day between 8 : 0 0  am and 6 : 0 0  pm in both forest sites where the tree 
selection followed criteria of DBH distribution and canopy position (Figure 3.1).
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Figure 3.1. Frequency distribution of diameter at breast height for trees of the TNF and 
LS. Data source: http://beija-flor.oml.gov/lba and D.A. Clark, unpublished data.
At TNF, stem CO2 flux measurements occurred in two different campaigns. 
During the first campaign (from December 2001 to October 2002) 38 trees were selected: 
2 1  trees from the undisturbed sites and 17 trees from the selectively logged site (Table
3.2). Identification number refers to individual trees located and identified by family, 
genus and species. During the second campaign (from September 2003 to September 
2004) a different group of trees was selected due to death occurred in the selectively 
logged site and difficult access in the undisturbed trees (Table 3.3). A total of 30 trees 
were selected between the undisturbed site ( 1 0  trees) and the selectively logged site ( 2 0  
trees).
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Table 3.2 List of trees from TNF selected for the sampling period between December 
2001 and October 2002. UD = undisturbed, SL = Selectively logged. Source: http://beija- 
flor.oml.gov/lba._____________________________ _______________________________
Site Tree ID DBH (cm) Family Genus Species
UD 2019 35.4 Annonaceae Duguetia echinophora
UD 2 0 2 0 22.5 Burseraceae Protium tenuifolium
UD 2023 24.4 Moraceae Trymatococcus paraensis
UD 2030 35.6 Lauraceae Nectandra pulverulenta
UD 2047 20.5 Burseraceae Protium apiculatum
UD 2048 11.7 Nyctaginaceae Neea oppositifolia
UD 2049 2 1 . 1 Moraceae Maquira guianensis
UD 2493 18.1 Fabaceae Swartzia laurifolia
UD 2821 19.2 Lecythidaceae Couratari stellata
UD 2827 22.3 Caesalpiniaceae Chamaecrista xinguensis
UD 2828 2 1 . 2 Apocynaceae Aspidosperma album
UD 2831 33.8 Moraceae Brosimum lactascens
UD 2832 23.5 Myrtaceae Myrciaria tenella
UD 4092 24.7 Moraceae Brosimum acutifolium
UD 4093 18.0 Melastomataceae Miconia lepidota
UD 4095 22.7 Chrysobalanaceae Licaria heteromorpha
UD 4306 25.7 Melastomataceae Miconia rujicalyx
UD 4307 14.8 Boraginaceae Cordia sellowiana
UD 4308 28.9 Lauraceae Mezilaurus itauba
UD 4315 24.4 Lecythidaceae Couratari stellata
UD 4797 61.1 Lecythidaceae Couratari stellata
SL 63 75.4 Lecythidaceae Couratari stelatta
SL 6 8 49.4 Lecythidaceae Couratari stelatta
SL 255 39.3 Cecropiaceae Pourouma guianensis
SL 339 55.0 Sapotaceae Manilkara huberi
SL 1216 21.9 Mimosoideae Inga macrophylla
SL 1229 15.4 Burseraceae Protium apiculatum
SL 1236 19.9 Mimosoideae Inga heterophylla
SL 1253 2 0 . 8 Burseraceae Protium apiculatum
SL 1645 18.7 Sapotaceae Pouteria caimito
SL 1647 2 2 . 0 NI NI NI
SL 1669 15.0 Burseraceae Protium apiculatum
SL 1686 16.0 Burseraceae Protium apiculatum
SL 1705 29.0 Sapotaceae Manilkara huberi
SL 1715 15.5 Melastomataceae Miconia guianensis
SL 1717 12.4 Mimosoideae Inga heterophylla
SL 1719 14.7 Cecropiaceae Pourouma guianensis
SL 1727 28.0 Sapotaceae Manilkara huberi
NI = not identified
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Table 3.3. List of trees from TNF selected for the sampling period between September 
2003 and September 2004. UD = undisturbed, SL = Selectively logged. Source: 
http://beija-flor.oml.gov/lba._________________________________________________
Site ID DBH Family 
(cm)
Genus Species
UD 2007 15.8 Lauraceae Licaria brasiliensis
UD 2008 28.4 Myristicaceae Virola elongata
UD 2013 20.4 Moraceae Trymatococcus paraensis
UD 2017 22.7 Sapotaceae Pouteria macrophylla
UD 2472 30.5 Anacardiaceae Thyrsodium paraense
UD 2474 19.8 Myristicaceae Virola michelii
UD 2481 17.4 Lecythidaceae Eschweilera pedicellata
UD 2489 2 1 . 1 Burseraceae Protium apiculatum
UD 2503 35.2 Connaraceae Connarus perrottetii
UD 2506 85.4 Caesalpiniaceae Copaifera reticulata
SL 2 1 0 40.5 Meliaceae Carapa guianensis
SL 2 1 1 49.3 Lecythidaceae Eschweilera amazonica
SL 216 43.7 NI NI NI
SL 217 35.5 Meliaceae Carapa guianensis
SL 218 56.5 Mimosoideae Inga heterotrophyla
SL 219 35.9 Myristicaceae Virola melinonii
SL 2 2 0 64.3 Caesalpinioideae Copaifera multijuga
SL 1156 21.5 Burseraceae Protium apiculatum
SL 1162 2 1 . 6 Lecythidaceae Couratari guianensis
SL 1164 14.3 Fabaceae Poecilanthe effusa
SL 1166 18.9 NI NI NI
SL 1167 20.5 Caesalpinioideae Sclerolobium sp.
SL 1168 18.2 Mimosoideae Inga heterophylla
SL 1170 20.4 Melastomataceae Miconia lepidota
SL 1173 31.0 Sapotaceae Ecclinusa ramiflora
SL 1178 2 1 . 6 Annonaceae Duguetia echinophora
SL 1179 34.0 Meliaceae Carapa guianensis
SL 1181 18.1 Sapotaceae NI NI
SL 1183 24.2 Burseraceae Protium apiculatum
SL 1185 22.4 Mimosoideae Inga heterophylla
NI = not identified
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At LS, stem CO2 fluxes were measured from 26 selected trees (Table 3.4) among 
the four plots during in five sampling dates: March 2001, June 2001, November 2002, 
April 2003, and April 2004. Trees near the eddy flux tower were measured during the 
first two field campaigns, however they were not identified with respective family and 
species.
Table 3.4. List of selected trees from LS. A l, A2, A3 were located on Ineeptisol terraces 
plots and LI was located on Ultisol hilltop plot (D.A. Clark, unpublished data).
Plot Tree ID DBH
(cm)
Family Genus Species
Al 2 34.6 Elaeocaroaceae Sloaanea medusula
Al 3 32.6 Apocynaceae Rauvolfia purpurascens
Al 87 42.7 Mimosaceae Inga leiocalycina
Al 89 41.8 Mimosaceae Pentaclethra macroloba
Al 1 0 0 62.3 Papilionoideae Dussia macroprophyllata
Al 104 36.4 Mimosaceae Pentaclethra macroloba
Al 107 49.2 Tiliaceae Apeiba membranacea
Al 146 50.6 Mimosaceae Inga leiocalycina
A2 23 35.5 Araliaceae Dendropanax • arboreus
A2 75 31.3 Mimosaceae Balizia elegans
A2 99 55.0 Mimosaceae Pentaclethra macroloba
A2 116 30.4 Vochysiaceae Vochysia ferruginea
A3 72 42.0 Aquifoliaceae Ilex skutchii
A3 94 52.7 Mimosaceae Pentaclethra macroloba
A3 108 35.8 Tiliaceae Goethalsia meiantha
A3 1 1 2 31.7 Araliaceae Dendropanax arboreus
A3 133 37.5 Araliaceae Dendropanax arboreus
A3 138 26.0 Burseraceae Protium pittieri
A3 157 41.7 Araliaceae Dendropanax arboreus
LI 1 2 52.0 Mimosaceae Stryphnodendon microstachyum
LI 13 35.2 Boraginaceae Cordia bicolor
LI 62 35.8 Araliaceae Dendropanax arboreus
LI 87 31.3 Myristicaceae Virola sebifera
LI 91 27.7 Mimosaceae Pentaclethra macroloba
LI 1 1 0 28.4 Burseraceae Protium panamense
LI 179 35.5 Malphigiaceae Byrsonima crispa
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3.2.3. COi flux measurements
Flux measurements were made by attaching a chamber to the stem or branch of a 
tree with nylon straps and connecting it to an infrared gas analyzer (IRGA). Chambers 
were constructed out of transparent acrylic plastic pipe capped at both ends and cut half 
lengthwise. Cut surfaces were coated with commercial gasket material to ensure good 
seal. Two different cylindrical size chambers were used, (112.4 cm2 and 62.5 cm2) to 
minimize dead air space while accommodating branch and stem sections.
Fluxes were calculated using the following equation:
C 0 2 flux = p x A[C02] Fch (1/Ach) [3.1]
9 1where, C 0 2 flux is in pmol m' s' , the A[C02] is the differential C 0 2 concentration 
between inside and outside the chamber (ppm), p is the density of air, Fch is the air flow
"3 1
rate through the chamber (~ 500 cm m in '), Ach is the area of bark enclosed by the 
chamber (m2).
3.2.4. Data Analysis
One-way analysis of variance (ANOVA) was performed among stem C 0 2 flux 
from emergent, dominant, co-dominant and suppressed trees. ANOVA was also used to 
compare average stem C 0 2 flux among sampling dates, undisturbed anct selective logged 
sites at TNF and among five locations (Al, A2, A3, LI and tower) at LS.
The increment of C 0 2 flux for every 10°C of temperature increase is given by Qio 
= exp (10* (3). Regression analysis was performed between stem C 0 2 flux, temperature, 
stem diameter and annual diameter growth rates. Increase of stem C 0 2 flux with 
temperature followed an exponential relationship:
R = a e pT [3.2]
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where, R is the stem CO2 flux rate in pmol m ' 2 s'1, a  and (3 are a constants, the 
mathematical constant e is the base of the natural logarithm function ~ 2.72, and T is the 
stem temperature in °C. The increment of CO2 flux for every 10°C of temperature 
increase (Q10) is given by:
Q10 = exp ( 1 0  P) [3.3]
where, P is the constant obtained from exponential fit between stem temperature and lag 
compensated stem CO2 flux.
3.3. Results
3.3.1. Within canopy variability
Stem CO2 flux averaged 1 . 6 6  (±0.04) pmol m ' 2 s' 1 with values ranging between
2 10.24 and 5.85 pmol m" s' (Table 3.5). Emergent and dominant trees showed similar 
average stem CO2 fluxes, 1.98 ± 0.13 and 1.81 ± 0.07 pmol m ' 2 s'1, respectively. Average 
stem CO2 flux for co-dominant and suppressed were 1.54 + 0.08 and 1.30 ± 0.08 pmol m' 
2 s '1, respectively.









Emergent 1.98 0.13 0.29-5.85 35 - 146 83
Dominant 1.81 0.07 0.25 - 5.74 20 - 145 219
Co-dominant 1.54 0.09 0.27 - 5.34 15-59 125
Suppressed 1.30 0.08 0.24 - 4.87 9 -4 3 105
All positions 1 . 6 6 0.04 0.24 - 5.85 9 -1 4 6 547
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A one-way analysis of variance (a  = 0.05) performed among these four canopy 
positions indicated that stem CO2 flux from emergent and dominant trees were 
significantly different (p<0.0001) from co-dominant and suppressed. Average CO2 flux 
of emergent, dominant, co-dominant and suppressed were correlated with DBH (Figure
3.2). A regression analysis between average DBH and stem CO2 flux of each of these
t 'j
canopy position resulted in a high value coefficient of correlation (r = 0.9), though a 







Emergent Dominant Co-dominant Supressed
Figure 3.2. Average stem CO2 flux for four canopy levels at the TNF. The closed circles 
represent the 5th and 95th percentile of the values, the top and bottom of the boxes 
represent 25th and 75th percentile, the horizontal lines inside each box represent the 
individual mean (dashed) and median (solid), whiskers represent the 10l and 90th 
percentile, and the horizontal line across the plot represent the overall average.
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3.3.2. Within tree variability
Branches, upper and lower portions of stem CO2 fluxes were measured from of
seven trees at control plots of the Seca Floresta site of the TNF. Individual tree were
identified with numbers, which refers to family, genus and species of control plots of the
throughfall exclusion project (Nepstad et al., 2 0 0 2 ). Averages CO2 flux fluxes of
branches, upper and lower stem are summarized in Table 3.6.
Table 3.6. Average CO2 flux (± SE) of branches, upper and lower stem from trees of 
Seca Floresta.
Tree ID Scientific name Location Average CO2 flux 
pmol m ' 2 s' 1
n
64 Toulicia guianensis upper stem 2.2 ±0.56 3
lower stem 2.4 ±1.25 2
90 Guatteria schomburgkiana upper stem 1.4 1
lower stem 1.3 ±0.29 2
113 Perebea mollis branches 3.0 ±0.37 19
lower stem 1.4 ±0.21 15
133 Licaria brasiliensis upper stem 1.4 ± 0.13 2
lower stem 1.7 ±0.06 2
136 Thyrsodium paraense branches 1.1 ±0.37 8
upper stem 2.0 ±1.70 2
lower stem 2.0 ±0.84 5
1406 not identified branches 2.5 1
lower stem 1.5 ±0.46 2
8 6 Thyrsodium paraense branches 2.0 ± 0.46 3
lower stem 1.2 ±0.30 3
n = number of flux measurements
CO2 flux from different portions of the same tree (upper and lower portions of 
stem, between branch and upper stem, and between branch and lower stem) were 
compared using a paired t-test (Table 3.7). The results indicated no significant difference
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between branch and upper stem for Thyrsodium paraense (136), between branches and 
lower stems of Thyrsodium paraense (136 and 8 6 ), between upper and lower stems of 
Toulicia guianensis (64), Licaria brasiliensis (133) and Thyrsodium paraense  (136). A 
significant difference was observed between branches and lower stem of Perebea mollis 
(113).
Table 3.7. P-values of paired t-test (a  = 0.05) performed for branch, up stem and down 
stem of trees from Seca Floresta.
Tree Genus/species branch x branch x upper stem x
ID upper stem lower stem lower stem
64 Toulicia guianensis n.d. n.d. 0.0957
113 Perebea mollis n.d. 0.005 n.d.
133 Licaria brasiliensis n.d. n.d. 0.2048
136 Thyrsodium paraense 0.9807 0.5332 0.6013
8 6  Thyrsodium paraense n.d. 0.1894 n.d.
n.d. = no data 
3.3.3. Daily variations
Continuous measurement stem CO2 flux from an emergent tree at the selectively 
logged site at the TNF during 72 hours period is shown in Figure 3.3. Stem temperature 
increased from early morning reaching its maximum value in the middle afternoon, 
around 3:00 pm, and decreased during the evening hours reaching the minimum around 
6 : 0 0  am.
A time lag of two hours was observed between increase of CO2 flux with 
temperature. Stem CO2 flux increased after sunrise reaching the maximum around 
5:00pm and decreased through the evening reaching the minimum around 5:00am.
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Figure 3.3. Stem CO2 fluxes and temperature from an emergent tree (Carapa guianensis, 
DBH = 58 cm) of the TNF.
Stem CO2 flux was significantly correlated with the two hours lag compensated 
temperature (p<0.0001) for all the sampling dates of the TNF and without time 
compensation for LS (pO.OOOl). The increase of CO2 flux with increase of 10°C of 
temperature (Q10) calculated for January 21, 22 and 23, August 11 and 12 for the TNF 
and April 14 for LS varied between 1.22 and 3.4 (Table 3.8).
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Table 3.8. Qio values calculated from lag compensated stem CO2 flux and temperature 
measured at TNF and LS on different dates. (Stem CO2 flux = «  exp(P Tstem)-________
Date Site a P R2 p value Qio
01/21/2003 TNF 0.18 0.060 0 . 8 8 <0 . 0 0 0 1 1.90
01/22/2003 TNF 0.67 0 . 0 2 0 0.62 <0 . 0 0 0 1 1 . 2 2
01/23/2003 TNF 0.36 0.039 0.71 <0 . 0 0 0 1 1.48
08/11/2003 TNF 0.06 0.114 0.84 <0 . 0 0 0 1 3.13
08/12/2003 TNF 0.05 0 . 1 2 2 0.92 <0 . 0 0 0 1 3.38
04/14/2004 LS 1.34 0.044 0.64 <0 . 0 0 0 1 1.55
3.3.4. Seasonal sampling
Average stem CO2 efflux per unit of bole surface area between undisturbed and 
selectively logged sites at the TNF was near 1.64 (± 0.13) pmol m' s' and with values 
ranging from 0.38 to 5.37 pmol m ' 2 s' 1 for 71 trees (Table 3.9). Trees selected between 
undisturbed and selectively logged sites were different from those selected for the 2003- 
2004 campaign. Stem CO2 flux measured during 2001-2002 campaign (average = 1.15 + 
0.08 pmol m ’2 s'1) were lower than during the 2003-2004 campaign (2.27 + 0.22 pmol m' 
2 s'1). Stem CO2 fluxes from LS (Table 3.10) averaged 1.47 pmol m ' 2 s' 1 with values 
ranging from 0.13 to 4.06 pmol m ' 2 s' 1 for a total of 47 trees distributed among the five 
plots (Al, A2, A3, LI and tower).
Stem CO2 flux measured during the seasonal sampling at TNF and LS were 
highly variable, however a seasonal pattern between dry and wet seasons was not 
observed (Figures 3.4). Precipitation amount is highly variable at the TNF with generally 
six months of low rainfall (between July and December). Mean rainfall seemed not to 
have a strong influence on stem CO2 fluxes measured on undisturbed and selectively 
logged of TNF.
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Table 3.9. Summary of statistics of stem CO2 flux (jamol m ' 2 s'1) and DBH (cm) 
measured at TNF between 2001 and 2004.
Period Site Stem CO2 flux 
average ± S.E. range
n DBH (cm)
2 0 0 1  - 2 0 0 2
Undisturbed forest 1 . 1 2  ±0.08 0.58-1 .64 2 0 11.7-61.1
Selectively logged 1.22 ±0.15 0.55-2.53 17 12.4-75.4
both sites 1.17 ±0.08 0.55-2.53 37 11.7-75.4
2003 - 2004
Undisturbed forest 2.14 ±0.37 1.05-4.56 1 0 15.8-85.4
Selectively logged 2.34 ±0.28 0.81-5 .37 2 0 14.3-64.3
both sites 2.27 ± 0.22 0.81-5 .37 30 14.3 -85.4
2001 -2004 1 . 6 8  ± 0 . 1 2 0.38-5 .37 67 11.7-85.4
n = number of trees
Table 3.10. Summary of statistics for stem CO2 flux (fjmol m ' 2 s '1) and DBH (cm) 
measured in LS between 2001 and 2004.
Plot Stem CO2 flux number of DBH (cm)
Average ± S.E. range trees range
A1 1.52 ±0.19 0.65-2.33 8 32.6 - 62.3
A2 2.72 ± 0.96 1.08-3.49 5 30.4- 55.0
A3 1.53 ±0.90 0.85-2.53 8 26.0 - 52.7
LI 2.28 ±1.08 0.80-4.06 7 27.7 - 52.0
Tower 0 . 8 6  ± 0 . 1 0 0.13-1.56 19 10.5-30.0
Total 1.47 ±0.14 0.13-4.06 47 26.0 - 62.3
41
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
(a)
3.5 160
•  Undisturbed 







0 .0  -I—  




























Figure 3.4. Daily precipitation (bars) and average stem CO2 flux (circles) from (a) 
undisturbed and selectively logged sites at TNF and (b) five locations at LS. Vertical 
error bars represent standard error of averages.
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3.3.5. Scaling up wood CO2 fluxes
The surface area of stems calculated for 90 fallen trees at TNF using the 
approximation of frustum of cone (Equation 2.1) averaged 41 (+ 2.7 S.E.) m2. DBH 
values for those 90 trees averaged 70 cm and ranged between 20 cm and 150 cm. Branch 
and wood surface area were determined for 45 trees, which averaged 11 (+ 2.1) m2 and 40 
(+ 4.6 S.E.) m2, respectively (Table 3.11).
Table 3.11. Summary of statistics for DBH, average stem, branch, and wood area from 
harvested trees of TNF.
Average S.E. Range number of trees
DBH, cm 70 3.2 20 .0-150 90
Stem area, m2 41 2.7 4 .0 -1 3 0 90
Branch area, m2 1 1 2 . 1 0 .3 -5 6 45
Wood area, m2 40 4.6 6 .3 -125 45
Stem surface area calculated for the 90 trees correlated significantly with DBH (r 
= 0.76, p < 0.0001). The resulting equation from linear regression between stem surface 
area and DBH (Astem = -5.84 + 0.72 DBH) was used to estimate the total stem surface 
area of 20 hectares of undisturbed forest at TNF (http:// beija-flor.oml.go/lba). The ratio 
branch to stem surface around 0.75 was used to estimate branch surface area and then 
wood surface area (Table 3.12).
The estimated surface area of stems, branches and wood for the TNF were 2391 
m2, 1770 m2 and 4161 m2, respectively. Assuming that stems and branches have 
equivalent annual average CO2 flux (1 . 6 8  pmol m ' 2 s'1), the annual estimate for wood 
CO2 flux would be 259 g C m ' 2 yr'1. This flux represents 8.7% of the annual gross 
primary productivity for the TNF.
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Figure 3.5. (a) Stem surface area versus diameter at breast height for 90 trees from TNF 
Astem = -5.84 + 0.72(DBH) (r2 = 0.76, p < 0.0001), and (b) observed versus calculated 
stem surface area compared to 1 : 1  line (dashed line).
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9 1gC m' yr'
Rw/GPP
Stems 2,391 149.0 0.050
Branches 1,770 1 1 0 . 0 0.037
Total 4,161 259.0 0.087
3.4. Discussion
3.4.1. Physical variables
Temperature response of wood CO2 flux tends of have a Qio between 1.5 and 2.5 
(Ryan 1991), although results for tropical species have spanned a smaller range (Qio =
1.6 -  2.2; Ryan et al., 1994; Levy and Jarvis, 1998). Qio values measured at the end of the 
dry season at TNF and in LS ranged between 1.2 and 1.9. This result agrees with an 
earlier estimate of Qio value of 2.0 (Ryan et al., 1994). In contrast, Qio values calculated 
in the middle of the dry season (August) in TNF were much higher than the range 
reported in literature for woody-tissue. The reason for this difference Qio values between 
dry and wet season are unknown and it needs to be investigated with more number of 
continuous measurements of stem CO2 and temperature.
Wood CO2 flux did not show a seasonal pattern with precipitation at the TNF. 
This result agrees with other study performed at a near by site (Nepstad et al., 2002), but 
disagree with results from Manaus where fluxes measured during the dry season were 
higher during the dry season (Chambers et al., 2004). This difference between Santarem 
and Manaus may be due to species composition or water stress. At the TNF 
photosynthesis is not limited during the dry season as expected (Goulden et al., 2004; da 
Rocha et al., 2004). A deep root system, common in tropical forest, pull water from
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lower levels of soil (Nepstad et al., 1994) maintaining adequate soil moisture for plants 
(da Rocha et al., 2004). Only upper layers of soil experience water deficits responsible 
for the decline of soil-atmosphere CO2 flux during the dry season (Sotta et al., 2004; 
Davidson et al., 2002).
3.4.2. Biological effects
A gradient of stem CO2 flux was observed between trees located at high and low 
position of the canopy at the TNF. Stem CO2 flux from emergent and dominant trees 
were significantly higher than co-dominant and suppressed trees. Emergent and dominant 
trees at TNF are constituted of mature and fast growing trees that have full access to light 
due to their privileged localization at the top of the canopy, while co-dominant and 
suppressed trees are constituted of young trees and low-light tolerant species.
Rice et al. (2004) observed a significant correlation between averages DBH and 
averages stem growth of different canopy positions with emergent trees having the largest 
stem growth rate followed by dominant, co-dominant and suppressed trees. This may be 
the reason for higher stem CO2 flux observed in emergent and dominant trees than co­
dominant and suppressed trees.
Relationships between DBH and diameter growth rate with stem CO2 flux are 
usually reported in literature. At TNF, stem CO2 flux correlated significantly with DBH 
but not with annual diameter growth rate. On contrast, stem CO2 flux did not correlated 
with DBH but correlated with annual diameter growth rate. The latter agrees with results 
from Ryan et al (1994). This inconsistency may be an indication of insufficient data 
analysis that needs to be improved in the future.
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3.4.3. Magnitude of annual estimates of wood COi flux
The average stem CO2 flux for TNF (1.68 (imol m ' 2 s'1) and LS (1.47 pmol m ' 2 s' 
') appears to be slightly higher than previous studies in other tropical forests (Chambers 
et al., 2004; Meir and Grace, 2002; Ryan et al., 1994). This difference from other studies 
must be due to methodology, site differences within the Amazon region concerning 
species composition and tree diversity. This study incorporated more variables, such as 
canopy position and frequent flux measurements not reported in those other studies.
Tree selection is one the most controversial issues of wood CO2 flux studies in 
tropical forests. In such a diverse environment it is practically difficult to work with a 
small group of trees belonging to the same species. Therefore, this study focused on 
functional group and canopy position rather than tree species was the criteria for tree 
selection.
Extrapolation of flux is another controversial topic of wood CO2 emissions. 
Sapwood volume is preferable to extrapolate wood CO2 flux due to strong relationship 
with wood CO2 flux (Sprugel and Benecke, 1991), however a methodology to accurately 
quantify sapwood in tropical forest is lacking (Chamber et al., 2004; Meir and Grace, 
2002). Giardina et al. (2003) scaled up wood CO2 flux from a tropical eucalyptus 
plantation using wood volume, whereas Meir and Grace (2002) compared surface area 
and wood volume both and did not find difference between them.
In this study, surface area of wood was calculated at TNF based on measurements 
of diameter of base and top of harvested trees. Branch surface area was estimated using a 
combination of Yoneda (1993) the inflated probability method (Valentine et al. (1984). 
This particular method was chosen in order to compare our results of wood CO2 flux with
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an earlier study at central Amazon (Chambers et al., 2004). Certainly, there are other 
methods that should be tested and some adaptations for tropical forests are necessary, 
especially concerning branch surface area.
Annual estimates of wood CO2 flux for TNF (260 + 0.6 g C m ' 2 yr'1) and LS (317
2 1± 4.8 g C m' y r ') is comparable to other studies in tropical forest considering the high 
uncertainty of extrapolations. Wood CO2 flux for a secondary forest in Central Cameroon
(257 ± 18 g C m ' 2 yr'1; Meir and Grace, 2002) and for a temperate 30-yr-old Fagus
0 1 0 sylvatica trees (350 gC m' yr' ; Damesin et al., 2002), from central Amazon (420 gC m'
y r '; Chambers et al., 2004). Ryan et al., (1994) estimated annual wood CO2 flux for two
tree species in LS between 220 - 350 g C m ' 2 yr' 1 using sapwood volume.
The average contribution of wood CO2 flux to GPP at the TNF was 8.4 %
estimated from eddy covariance measurements for the TNF (3,000 g C m ' 2 yr'1; Miller et
al., 2004), which 5% were from stems and 3.7% from branches. This annual flux was
lower than the estimate for western Amazon of 12% of the GPP (Chambers et al., 2004).
In LS the contribution of wood to the GPP was 14.7% with 8 .8 % from stems and
2.9% from branches as sum of above-ground production of wood and foliage, total
9 1belowground allocation and foliage respiration (2,700 g C m '  yr' ; Ryan et al., 1994). 
These proportions were close to earlier estimates for two species in LS that stem CO2 
flux alone contributed between 8.0 and 13% of GPP (Ryan et al., 1994) depending on the 
assumed sapwood volume content.
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3.5. Summary
Rates of CO2 from tree stem are highly variable within the canopy. Temperature 
played an important role on variability of stem CO2 flux during the day, whereas 
precipitation did not seem to control fluxes throughout the year. Vertical variability of 
CO2 flux within the tree stand was poorly addressed in this study due to limited access to 
branches and upper portion of stem. More comparable measurements of branches and 
stems are necessary in order to verify differences between stem and branch CO2 rations 
for extrapolation purpose.
Stem CO2 fluxes by stem area reported in this study were compared to other 
studies in tropical forests. Hence, extrapolations of these flux still a concern that needs to 
be addressed in future studies. It appears that the biggest limitation of wood CO2 flux 
study in tropical forest is the reasonably wood surface area or other appropriated index to 
scale up fluxes.
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CHAPTER 4
SPATIAL AND TEMPORAL VARIABILITY OF SOIL SURFACE C 0 2 EFLUXES
4.1. Introduction
The global carbon dioxide budget is complex and involves transfer of C 02 
between the atmosphere, the oceans, and the biosphere. Through the photosynthetic 
process, the land removes about 120 petagrams (1 Pg = 1015 g) of carbon in the form of 
C 02 per year (IPCC, 2001). However, about the same quantity of carbon in the form of 
C 02 is added to the atmosphere each year by vegetation and soil-atmosphere C 02 
emissions.
Soils are the dominant terrestrial source of C 02 (Raich et al., 2002). Carbon 
dioxide is produced in soils primarily via heterotrophic organisms and living roots and is 
then released to the atmosphere. This process produces annually 80.4 (79.3 -  81.8) Pg C 
(Potter et al., 1995) and it is equivalent to more than 11 times the current rate of fossil 
fuel combustion. Ultimately, small environmental changes that alter rates of soil C 02 
emission have a strong potential to influence atmospheric C 02 levels (Schlesinger and 
Andrews, 2000).
Tropical and sub-tropical evergreen broad-leaved forests are responsible for one- 
third of the global soil C 02 emissions, more than any other vegetation type (Raich et al., 
2002). This study characterized temporal and spatial resolution from measurements of 
soil-atmosphere C 02 emissions from an old growth tropical forest in the Brazil.
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4.2. Methods
Soil-atmosphere CO2 efflux measurements took place at an undisturbed forest site 
near km 67 of Tapajos National Forest (TNF). Net CO2 emissions were measured with a
•5 1
dynamic open chamber with flow regulated at approximately 300 cm min' . (See 
Chapter 2 for detailed description of soil chamber). Base was inserted at most 30 min 
prior to flux measurements, capped for 3 to 10 minutes and removed immediately after 
completion of flux measurements in order to avoid artifacts related to root mortality from 
chamber insertion (Keller et al., 2000; Varner et al., 2003).
Air flowed from soil enclosure through Teflon-lined polyethylene sample line 2 m 
in length and then entered an infrared gas analyzer (Licor, Bioscience, Lincoln,
Nebraska) for CO2 measurements. From the IRGA, the sampled air then passed through a 
flow meter and then out of the system. Signals from the CO2 analyzer were recorded on a 
data-logger (CR10-X, Campbell Scientific, Inc. Logan, Utah). Fluxes were calculated 
from the linear increase of concentration versus time adjusted for the ratio of chamber 
volume to area and the air density within the chamber according to the following 
equation:
Soil C 02 flux = p (V/A) (d[C02]/dt) [4.1]
where, pis the density of air, V/A is the ratio between the volume and area of chamber, 
d[CC>2]/dt (ppm sec'1) is the increase of CO2 concentration over an interval of time, 
calculated as the slope of linear regression between the chamber headspace concentration 
and time.
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4.2.1. Spatial resolution of soil CO? fluxes
Two intensive field campaigns were performed (one in each of the dry and wet 
season) to focus on the spatial variability of soil CO2 flux in a square area of 100 ha of 
primary forest within the eddy covariance tower footprint. Fluxes were measured in three 
different separation distances 250, 62.5 and 15.6m (Figure 4.1). Soil-atmosphere CO2 
fluxes was measured during two intensive campaigns lasting 1 to 2 weeks. The first 
campaign was performed between 17 and 27 of July 2002 (dry season) and the second 
campaign occurred in between 11 and 14 of March 2003 (wet season).
n\
750 X
5 0 0  K
2 5 0  >C X /X
0  2 5 0 7 5 0 1000
Figure 4.1. Experimental design of grid sampling at the undisturbed forest site of the 
TNF. Separation distances were 250, 62.5 and 15.6 m. The point 0,0 coincided with the 
location of the micrometeorological tower. Double dotted lines represent permanent 
transects where weekly measurements of soil CO2 flux were made.
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Soil samples were taken to 10 cm depth after each flux measurement on both 
campaigns for the determination of soil moisture (oven dried at 105°C). All litter within 
the chamber base was collected during the wet season sampling.
4.2.2. Temporal resolution of soil CO? flux
Biweekly measurements of soil CO2 flux were made between February 2001 and 
September 2004 at the same forest site with some data gaps due to equipment failure. 
Measurements were made along 30 m lines crossing several points of the existing 
biomass inventory transects (dotted lines) oriented SE, E and NE at the study site (Figure 
4.1). Each 30 m sampling line resulted in a total of 8 flux measurements made in 
randomly selected locations. Soil samples for soil moisture content were taken from 
inside the collar after each flux measurement.
4.2.3. Data Analysis
To analyze differences between sampling dates, we reduced the CO2 flux and soil 
moisture data to sampling date means. Analysis of variance was performed between dry 
and wet season averages in order to evaluate temporal variability of fluxes. Linear 
regression analyses were performed between soil CO2 flux, soil moisture and litter in 
order to assess spatial variability of CO2 flux.
The extent of spatial correlation among the soil CO2 flux was analyzed using a 
geostatistical method known as semivariogram analysis [Isaaks and Srivastava, 1989]. 
Semivariograms, or simply variograms, describe the change in spatial continuity of a 
value as a function of distance between measurements.
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Ordinarily, the average squared difference or variance between data pairs 
increases with increasing separation distance to a maximum variance known as the sill 
(Figure 4.2). Ideally, the variance increases from 0 at the origin to the sill over a distance 
known as the range. Values separated by distances smaller than the range are 
autocorrelated, while those separated by distances greater than the range are uncorrelated. 
Often, factors such as sampling and measurement error result in a discontinuity in the 
variograms at the small separation distances. This offset in variance from 0 at the origin 
to a specific value is known as the nugget.
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Figure 4.2. Example of semivariogram respective parameters: nugget, sill, and range of a 
spherical model.
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4.3. Results
Soil CO2 flux and moisture from line sampling were normally distributed 
(Shapiro-Wilk W test), with average values of 4.72 (+0.25 S.E.) pmol m'2 s’1 and 42.5 
(+0.40 SE) %, respectively (Table 4.1). Time of day appeared not to affect soil CO2 
fluxes at the TNF, hence all the data were pooled for statistics analysis for all sampling 
dates.
Table 4.1. Summary of statistics of soil CO2 flux and soil moisture for line sampling.
average S.E. n range C.V. (%)
Soil CO2 Flux, pmol m'2 s'1
Wet 4.94 0.25 29 3.09 -  8.42 26.9
Dry 4.42 0.17 22 3.30-6.71 18.0
Annual 4.72 0.16 51 3.09 -  8.42 24.4
Soil moisture, %
Wet 46.5 1.07 18 36.3 -55 .5 9.7
Dry 41.2 1.11 15 35.1 -5 0 .0 10.5
Annual 44.1 0.89 33 35.1 -5 5 .4 11.6
S.E.= standard error, n = number of sampling dates, and C.V. = coefficient of variation
Seasonal variation in soil temperature was small in this environment with values 
ranging from 23°C to 30°C. Precipitation showed a seasonal pattern with higher rates 
between January and June and lower between July and December. Soil CO2 fluxes and 
soil moisture content followed the precipitation pattern with higher emissions and spatial 
variability during wet season and lower emissions and variability during dry season 
(Figure 4.3).
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Figure 4.3. Daily precipitation (bars), soil CO2 flux and soil moisture (circles) from line 
sampling measurements between January 2001 and September 2004. Vertical error bar 
represent standard error of soil CO2 flux and soil moisture.
Daily averages of precipitation were significantly correlated with soil CO2 flux (r2
= 0.225, p = 0.0002) and with soil moisture (r2 = 0.144, p = 0.029) (Figure 4.4). Average
>■) t 
soil moisture correlated negatively with soil temperature (r = 0.22, p = 0.006) but did not
show significant correlation with soil CO2 flux (Figure 4.5).
Average soil CO2 fluxes, soil moisture and litter layer measured at the grid
sampling are summarized in Table 4.2. Soil CO2 fluxes were normally distributed
(Shapiro-Wilk W Test, P < 0.0001) for both the dry and wet season campaigns (Figure
4.6a). Multidirectional variograms were generated during dry and wet seasons from a
combination of all data points to characterize the spatial relationships (Figure 4.6b) and
there was no significant correlation between data values.
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Figure 4.4. Daily precipitation versus average (a) soil CO2 flux (b) soil moisture from 
line sampling.
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Figure 4.5. (a) Daily average soil moisture versus soil CO2 flux and (b) daily average 
soil temperature versus soil moisture from line sampling.
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Table 4.2. Summary of statistics for soil CO2 flux, soil moisture and litter layer,
measured at the grid sampling during field two campaigns (wet and dry).
Wet Dry
Soil CO2 flux, pmol m"2 s"1
Average (±S.E.) 5.57 ±0.22 4.53 ±0.14
Range 1.40-15.4 1.88-10.9
Coefficient of variation, % 39.8 33.0
Number of samples 106 109
Soil moisture %
Average (±S.E.) 37.2 ±0.31 41.4 ±0.34
Range 32.7-48.7 35.4-54.6
Coefficient of variation, % 8.1 8.3
Number of samples 96 104
Litter layer (g / m2)
Average (±S.E.) 122 ±4.3 —
Range 31.1 -237.2 —
Number of samples 96 —
Coefficient of variation, % 34.5 —
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Figure 4.6. (a) Cumulative probability frequency and (b) Semivariograms of soil CO2 
flux from grid sampling measured during wet and dry seasons.
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4.4. Discussion
4.4.1. Temporal variation and magnitude of soil CO2 efflux
Soil surface CO2 efflux is derived from metabolic activities of plant roots, and 
those of mycorrhizae, decomposers and other soil organisms. At this evergreen tropical 
forest site, soil CO2 flux was likely closely related to the root respiration in the dry season 
and both root respiration and decomposition in the wet season (Davidson et al., 2000). 
Monthly averages of soil CO2 flux were significantly correlated with soil moisture 
indicating that soil water content controls soil CO2 efflux.
Annual soil surface CO2 efflux (1,780 g m'2 yr'l) is comparable to other tropical 
forest sites in the Amazon basin (Table 4.3). An earlier study at the same site reported 
lower fluxes of soil surface CO2 for 2001-2003 using an automated chamber system 
(Saleska et al., 2003). This difference may be methodological. Biweekly measurements 
of soil surface CO2 flux can overestimate annual fluxes because they do not include 
nocturnal flux (Savage and Davidson, 2003).
4.4.2. Spatial variation of soil COi fluxes
Soil CO2 fluxes were not spatially dependent for the separation distance between
15.6 and 1414 m. Separation distance between sampling points smaller than 15.6 m is 
similar to the average diameter of the average tree crown of 10.6 m in the Amazon forest 
(Asner et al. 2002). It appears that forests may be more homogeneous than with respect 
to soil CO2 flux than other land cover types where spatial dependence of soil C02 flux 
has been found such as bare soil, agricultural fields, drained wetlands, pastures and 
landfills (van den Pol-van Dassellar et al., 1998 Rochette et al., 1991; Czepiel et al.,
1996).
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Table 4.3. Soil CO2 flux measurements for the Amazon region.
Location Season Vegetation Temperature Annual efflux 
(gC -C 02 m‘2 yr"1)
Author
Reserva Ducke, Dry season Floresta N ot stated 1,705 (+75.8) W ofsy et al. (1988)
Manaus, AM, Brazil (July 1985) Ombrofila Densa
Reserva Ducke, Wet season Floresta N ot stated 1,932 (795.5 -  3,068.2) Fan et al., (1990)
Manaus, AM , Brazil Ombrofila Densa




Fazenda Vitoria, Year long Floresta 22-24° C soil at 10 cm depth 2,000 (871 -1 5 5 3 ) Davidson et al. (2000)
PA, Brazil Ombrofila Densa
Manaus, Year long Floresta N ot stated 1,212 (796 - 1,553) Chambers et al. (2004)
AM, Brazil Ombrofila Densa
Manaus, End o f wet season Floresta 25.6° C soil at 5 cm depth 2 ,4 6 2 (1 ,6 6 7 -3 ,7 1 2 ) Sotta et al. (2004)
AM, Brazil Ombrofila Densa
Santarem, PA, Brazil End o f  wet season Closed tropical forest Annual mean 25° C 1,326 (5 6 8 -2 ,1 2 1 ) Vamer et al. (2003)
Santarem, PA, Brazil Year long Closed tropical forest Annual mean 25° C 2,614(871 -4 ,394 ) Nepstad et al. (2002)
Santarem, PA, Brazil Yearlong Closed tropical forest Annual mean 25° C 947 (6 0 6 -1 ,4 3 9 ) Saleska et al. (2003)
Santarem, PA, Brazil Year long Closed tropical forest 23-30° C soil at 1 cm depth 1,780 (8 7 1 -3 ,9 0 2 ) Present study
Automatic systems of soil CO2 flux measurement usually distribute chambers in 
less than one hectare of area. Even, if there was spatial dependency within separation 
distances smaller than 15.6 m, automatic chambers randomly distributed would 
compensate for this spatial dependency pattern.
Soil type can also play a role on soil CO2 emissions. Schwenmann et al. (2003) 
observed significant differences between soil CO2 flux measured from Ultisol and 
Inceptisol in an old growth tropical forest in La Selva, Costa Rica. Even though two 
different soil types co-exist at TNF: Oxisol and Ultisol (Silver et al., 2000) no significant 
difference of soil CO2 emissions was found between these soil types (Varner et al., 2003).
4.5. Summary
Temporal and spatial sampling of soil CO2 flux were comparable indicating that 
spatially limited data were representative of larger forested area. Measurements of soil 
CO2 flux throughout the year were essential to understand the mechanism of CO2 
emissions with precipitation, soil moisture, and temperature. Checks of spatial 
dependency are essential in order to identify spatial dependency of soil properties that 
may contribute to systematic errors on soil CO2 flux measurements. Regular checks of 
diel variability of soil CO2 with temperature and soil moisture are essential to evaluate 
changes of correlation between CO2 emissions, temperature and moisture over different 
time of the year.
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CHAPTER 5
IMPLICATIONS AND FUTURE OF CARBON CYCLING RESEARCH IN
TROPICAL FORESTS
Tropical rainforests play an important role in the global terrestrial carbon cycle 
(Dixon et al., 1994), accounting for 32% (Field et al., 1998) to 36% of terrestrial net 
primary production (Melillo et al., 1993; Potter et al., 1993). Even though atmospheric 
and climate changes may significantly affect carbon cycling in these biomes, the 
mechanism and magnitude of these changes on ratios between photosynthesis and 
respiration remain unclear (Clark et al., 2003; Waring et al., 1998). The current 
increasing of atmospheric CO2 flux may not have a direct effect on physiological 
processes on the leaf-level because of low nutrient content in tropical soils and the 
adaptation of lower levels of CO2 concentration (Chambers and Silver, 2004).
On the other hand, indirect effects of rising of atmospheric CO2 such as the 
predicted increase global temperature, changes in precipitation regime and disturbance 
may have a direct effect on the productivity of tropical forests, affecting the ratio between 
photosynthesis and respiration (Chambers and Silver, 2004; Clark, 2004). Increasing 
temperature and decreasing precipitation, may enhance midday photosynthesis 
suppression (Clark, 2004) and may increase autotrophic respiration that is an exponential 
function of temperature (Ryan et al., 1991).
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My results shed some light on the temperature response of autotrophic respiration. 
Temperature played an important role on short-term wood CO2 efflux. Usually, CO2 
fluxes are reported to be an exponential function of temperature with coefficient of 
respiration (Q10) around 2. (Law et al., 1999; Ryan et al., 1994). At the Tapajos National 
Forest (TNF) in Brazil and La Selva Biological Station (LS) in Costa Rica continuous 
measurements of wood CO2 flux and temperature resulted in Q 10 values between 1.6 and
3.2. These high values of Q10 as well as the variability within the same tree among 
different trees remain unexplained. More continuous measurements for longer periods of 
time on larger number of trees are necessary to evaluate the relationship between stem 
CO2 flux and temperature.
Understanding the role of change of precipitation on ecosystem respiration is 
more difficult. Precipitation exerts an influence on long-term soil surface CO2 flux in 
tropical forest. Fluxes measured during wet season (4.9 pmol m'2 s'1) were higher and 
more variable (CV= 27%) higher than the dry season (4.7 (imol m'2 s'1, CV =18%). The 
effect of precipitation on wood CO2 flux remains unclear due to the high variability of 
fluxes among measurement dates. Overall, wood CO2 flux did not follow a pattern 
between dry and wet months and no significant difference was observed between 
seasons.
The same lack of seasonal response is observed on net primary productivity and 
net ecosystem exchange at the TNF. Precipitation did not have a direct effect on wood 
CO2 flux in this study or photosynthesis (Goulden et al., 2004; da Rocha et al., 2004; 
Saleska et al., 2003) at the TNF. The TNF is a deep-rooted system that avoids moisture 
stress taking up water from lower layers of the soil (Nepstad et al., 1994). Extension on
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length of the dry season due to El Nino events can causes changes in precipitation 
regimes that can decrease photosynthesis (Nepstad et al., 2002).
Scaling up wood CO2 flux is a critical issue of carbon cycling in tropical forests 
(Meir and Grace, 2002; Chambers et al., 2004) due to the lack of information about 
sapwood volume and surface area of tropical wood. Even though stem based CO2 fluxes 
have been measured in several studies, the best way to extrapolate these fluxes is still 
uncertain and poorly studied. The biggest challenges for estimating of wood CO2 flux in 
this research were the measurements of branch CO2 flux and branch surface area. The 
inconsistent results of branch CO2 flux may have been a consequence of limited number 
measurements, whereas quantifying branch surface area lacks a reliable method. The 
pipe model (Shinozaki et al. 1964 as cited in Yoneda, 1994), used to calculate branch 
surface area, needs to be rigorously tested to tropical forest trees.
A better understanding of the physiological and biogeochemical controls on 
carbon fluxes.in tropical forests is essential because ongoing atmospheric and climate 
changes are expected to affect productivity of these ecosystems. Indirect effects of rising 
of atmospheric CO2 concentration such as changes in precipitation, disturbance, and 
increasing temperature are likely to affect natural sources and sinks of CO2 in tropical 
forests. Understanding the controlling mechanisms and the magnitude of these sources 
and sinks of CO2 will help us to predict the future concentration of this greenhouse gas 
and its potential climate effects.
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Table A .l. Stem C 02 (pmol m’2 s’1) flux measured in four canopy positions at TNF. 1 = emergent, 2 = dominant, 3 = co-dominant, 4 = suppressed
Year Site Tree ID Family Genus Species Canopy position DBH (cm) Stem C 02 flux
2000 Undisturbed 1027 Rubiaceae Chimarrhis turbinata emergent 78.1 0.99
2000 Undisturbed 1028 Sapotaceae Manilkara huberi emergent 87.7 2.64
2000 Undisturbed 1128 Lauraceae Oco tea canaliculata emergent 35.7 0.55
2000 Undisturbed 1250 Olacaceae Chaunochiton kapleri dominant 23.3 0.92
2000 Undisturbed 1252 Lauraceae Ocotea caudata dominant 23.2 1.35
2000 Undisturbed 1572 Caesalpiniaceae Tachigalia alba dominant 35.6 1.60
2000 Undisturbed 1575 Mimosaceae Newtonia psilostachya dominant 28.5 2.16
2000 Undisturbed 1024 Caesalpiniaceae Chamaecrista xinguensis co-dominant 38.1 1.60
2000 Undisturbed 1025 Apocynaceae Geissospermum velozii co-dominant 41.4 1.41
2000 Undisturbed 1576 Moraceae Clarisia elicifolia co-dominant 37.0 2.86
2000 Undisturbed 1249 Nyctaginaceae Guapira venosa suppressed 15.8 0.99
2000 Undisturbed 1255 Melastomataceae Miconia lepidota suppressed 18.5 1.19
2000 Undisturbed 1571 Burseraceae Protium robustum suppressed 10.5 0.62
2000 Undisturbed 2613 Anacardiaceae Tapirira peckoltiana emergent 44.1 1.08
2000 Undisturbed 2008 Sapindaceae Talisia cerasina dominant 28.2 1.53
2000 Undisturbed 2020 Mimosaceae Abarema mataybifolia dominant 35.4 1.45
2000 Undisturbed 2556 Caesalpiniaceae Chamaecrista xinguensis dominant 44.2 1.71
2000 Undisturbed 2558 Anacardiaceae Astronium lecointei dominant 44.6 3.09
2000 Undisturbed 2677 Rubiaceae Coussarea racemosa dominant 38.6 2.96
2000 Undisturbed 2009 Rubiaceae Coussarea racemosa co-dominant 18.9 2.36
2000 Undisturbed 2010 Moraceae Trymatococcus paraensis co-dominant 14.8 2.35
2000 Undisturbed 2013 Rubiaceae Coussarea racemosa co-dominant 20.4 0.34
2000 Undisturbed 2017 Annonaceae Duguetia echinophora co-dominant 22.7 0.98
2000 Undisturbed 2019 Burseraceae Protium tenuifolium co-dominant 22.3 1.41
2000 Undisturbed 2021 Moraceae Trymatococcus paraensis co-dominant 22.5 1.80
2000 Undisturbed 2492 Fabaceae Swartzia laurifolia co-dominant 19.1 1.09
2000 Undisturbed 2016 Sapotaceae Pouteria macrophylla suppressed 10.5 1.31
2000 Undisturbed 2089 Myristicaceae Virola elongata suppressed 13.9 0.64
2000 Undisturbed 2480 Lecythidaceae Eschweilera pedicellata suppressed 10.8 1.88
2000 Undisturbed 2481 Burseraceae Protium apiculatum suppressed 17.4 0.63
2000 Undisturbed 2489 Myristicaceae Virola elongata suppressed 20.9 1.51











Year Site Tree ID Family Genus Species Canopy position DBH (cm) Stem C 02 flux
2000 Undisturbed 2818 Sapotaceae Pouteria venosa suppressed 16.6 1.19
2000 Undisturbed 2819 Sapotaceae Manilkara huberi suppressed 11.7 1.18
2000 Undisturbed 2914 Rubiaceae Coussarea racemosa suppressed 20.4 0.44
2000 Undisturbed 2915 Rubiaceae Chimarrhis turbinata suppressed 10.2 1.66
2000 Undisturbed 3003 Lecythidaceae Couratari stellata emergent 90.5 1.81
2000 Undisturbed 3004 Sapotaceae Pouteria reticulata emergent 72.0 3.92
2000 Undisturbed 2068 Myristicaceae Virola michelii emergent 48.5 2.02
2000 Undisturbed 3151 Boraginaceae Cordia exaltata emergent 35.8 1.87
2000 Undisturbed 3002 Rubiaceae Chimarrhis turbinata dominant 92.7 2.11
2000 Undisturbed 3001 Moraceae Ficus pertusa dominant 52.5 1.18
2000 Undisturbed 3012 Lecythidaceae Lecythis holcogyne dominant 99.0 1.80
2000 Undisturbed 3153 Burseraceae Protium tenuifolium dominant 43.3 2.04
2000 Undisturbed 3154 Lecythidaceae Bertholletia excelsa dominant 41.7 1.49
2000 Undisturbed 3251 Olacaceae Heisteria laxiflora dominant 30.2 0.70
2000 Undisturbed 3253 Vochysiaceae Erisma uncinatum dominant 30.3 2.99
2000 Undisturbed 3256 Caesalpiniaceae Tachigalia myrmecophila dominant 26.1 1.45
2000 Undisturbed 3261 Euphorbiaceae Aparisthmium cordatum dominant 22.8 0.93
2000 Undisturbed 3268 Flacourtiaceae Casearia ulmifolia dominant 23.8 1.01
2000 Undisturbed 3276 Myrtaceae Eugenia omissa dominant 24.0 1.75
2000 Undisturbed 3282 Lecythidaceae Couratari stellata dominant 30.1 3.21
2000 Undisturbed 3362 Lauraceae Licaria brasiliensis dominant 55.6 1.31
2000 Undisturbed 3715 Simaroubaceae Simaruba armara dominant 21.3 5.74
2000 Undisturbed 3717 Myrtaceae Eugenia omissa dominant 33.8 1.43
2000 Undisturbed 3720 Myrtaceae Eugenia NI dominant 31.7 2.53
2000 Undisturbed 3721 Lecythidaceae Eschweilera coriacea dominant 25.2 1.79
2000 Undisturbed 3784 Rubiaceae Coussarea racemosa dominant 23.7 5.34
2000 Undisturbed 3792 Nyctaginaceae Guapira venosa dominant 28.2 1.43
2000 Undisturbed 3794 Lauraceae Aiouea densiflora dominant 28.2 0.54
2000 Undisturbed 3799 Connaraceae Connarus perrottetii dominant 30.1 1.64
2000 Undisturbed 3816 Myrtaceae Myrcia fallax dominant 30.5 3.13
2000 Undisturbed 3279 Caesalpiniaceae Dialium guianense co-dominant 25.5 2.37
2000 Undisturbed 3360 Rubiaceae Coussarea racemosa co-dominant 15.5 2.49











Year Site Tree ID Family Genus Species Canopy position DBH (cm) Stem C 02 flux
2000 Undisturbed 3716 Burseraceae Protium apiculatum co-dominant 21.8 1.29
2000 Undisturbed 3800 Lauraceae Nectandra pulverulenta co-dominant 22.8 5.34
2000 Undisturbed 3805 Mimosaceae Inga alba co-dominant 18.8 1.20
2000 Undisturbed 3254 Melastomataceae Mouriri brachyanthera suppressed 11.3 0.95
2000 Undisturbed 3285 Lecythidaceae Couratari stellata suppressed 12.9 1.21
2000 Undisturbed 3291 Vochysiaceae Erisma uncinatum suppressed 16.6 1.58
2000 Undisturbed 3294 Lauraceae Ocotea canaliculata suppressed 16.1 0.86
2000 Undisturbed 3296 Rubiaceae Coussarea racemosa suppressed 14.7 1.05
2000 Undisturbed 3353 Sapindaceae Allophylus punctatus suppressed 14.8 1.80
2000 Undisturbed 3370 Annonaceae Guatteria poeppigiana suppressed 12.7 2.54
2000 Undisturbed 3713 Anacardiaceae Thyrsodium paraense suppressed 11.1 1.29
2000 Undisturbed 3729 Mimosaceae Inga edulis suppressed 18.1 4.01
2000 Undisturbed 3732 Sterculiaceae Theobroma speciosum suppressed 10.5 1.57
2000 Undisturbed 3733 Euphorbiaceae Aparisthmium cordatum suppressed 14.4 4.87
2000 Undisturbed 3786 Rubiaceae Coussarea racemosa suppressed 13.4 0.98
2000 Undisturbed 3806 Rubiaceae Coussarea racemosa suppressed 10.6 0.46
2000 Undisturbed 3807 Euphorbiaceae Aparisthmium cordatum suppressed 11.1 1.42
2000 Undisturbed 4926 Flacourtiaceae Laetia procera emergent 61.9 5.07
2000 Undisturbed 4092 Moraceae Brosimum acutifolium dominant 24.7 1.17
2000 Undisturbed 4095 Chrysobalanaceae Licaria heteromorpha dominant 22.7 2.02
2000 Undisturbed 4306 Melastomataceae Miconia ruficalyx dominant 25.7 1.58
2000 Undisturbed 4308 Lauraceae Mezilaurus itauba dominant 28.9 2.46
2000 Undisturbed 4315 Lecythidaceae Couratari stellata dominant 24.4 1.25
2000 Undisturbed 4325 Myristicaceae Virola michelii dominant 22.9 2.30
2000 Undisturbed 4793 Moraceae Brosimum lactascens dominant 50.0 2.48
2000 Undisturbed 4797 Lecythidaceae Couratari stellata dominant 61.1 1.80
2000 Undisturbed 4093 Melastomataceae Miconia lepidota suppressed 18.0 1.94
2000 Undisturbed 4313 Lecythidaceae Eschweilera pedicellata suppressed 10.0 0.53
2000 Undisturbed 4314 Melastomataceae Miconia lepidota suppressed 20.4 1.16
2000 Undisturbed 4317 Burseraceae Protium apiculatum suppressed 19.9 0.64
2000 Undisturbed 4318 Rubiaceae Coussarea racemosa suppressed 13.6 2.05
2000 Undisturbed 4323 Rubiaceae Coussarea macrophylla suppressed 11.9 2.25











Year Site Tree ID Family Genus Species Canopy position DBH (cm) Stem C 02 flux
2000 Selectively logged 3 NI NI NI emergent 41.7 3.52
2000 Selectively logged 6 Sapotaceae Manilkara huberi emergent 103.0 1.44
2000 Selectively logged 1 NI NI NI dominant 52.4 1.94
2000 Selectively logged 5 Sapotaceae Pouteria reticulata dominant 38.5 3.37
2000 Selectively logged 470 Caesalpiniaceae Sclerolobium chrysophyllum dominant 55.5 3.55
2000 Selectively logged 111 Myristicaceae Virola michelii emergent 74.7 1.64
2000 Selectively logged 109 Mimosaceae Stryphnodendron pulcherrimum dominant 46.2 1.64
2000 Selectively logged 110 Anacardiaceae Tapirira peckoltiana dominant 42.5 3.40
2000 Selectively logged 211 Lecythidaceae Enchweilera amazonica emergent 49.3 0.36
2000 Selectively logged 212 Lecythidaceae Eschweilera bracteosa emergent 42.1 1.76
2000 Selectively logged 210 Moraceae Brosimum lactascens dominant 40.5 1.98
2000 Selectively logged 295 Moraceae Bagassa guianensis dominant 87.8 2.97
2000 Selectively logged 297 Apocynaceae Aspidosperma auriculatum emergent 145.5 2.52
2000 Selectively logged 298 Moraceae Maquira callophylla dominant 144.6 3.16
2000 Selectively logged 300 Sapotaceae Manilkara huberi dominant 53.0 2.00
2000 Selectively logged 299 NI NI NI co-dominant 35.7 0.64
2000 Selectively logged 8 Sapotaceae Pouteria reticulata emergent 49.5 4.30
2000 Selectively logged 10 Lecythidaceae Couratari stellata emergent 63.2 1.36
2000 Selectively logged 7 Lecythidaceae Enchweilera amazonica dominant 34.0 1.46
2000 Selectively logged 9 Fabaceae Alexa grandiflora dominant 64.5 4.09
2000 Selectively logged 43 Annonaceae Xylopia nitida emergent 52.7 1.56
2000 Selectively logged 45 Mimosaceae Enterolobium maximum emergent 115.3 2.77
2000 Selectively logged 41 Lecythidaceae Enchweilera amazonica dominant 39.4 1.19
2000 Selectively logged 42 Tiliaceae Apeiba burchelii dominant 46.3 1.31
2000 Selectively logged 46 Burseraceae Protium tenuifolium co-dominant 39.2 2.56
2000 Selectively logged 468 Moraceae Maquira callophylla dominant 69.2 2.47
2000 Selectively logged 469 Lauraceae Ocotea rubra dominant 99.7 1.20
2000 Selectively logged 479 NI NI NI dominant 51.4 1.05
2000 Selectively logged 480 Sapotaceae Pouteria reticulata dominant 36.8 1.78
2000 Selectively logged 107 Lecythidaceae Couratari stellata emergent 62.3 1.44
2000 Selectively logged 106 Tiliaceae Apeiba burchelii dominant 42.7 1.24
2000 Selectively logged 108 Moraceae Maquira callophylla dominant 46.1 1.50











Year Site Tree ID Family Genus Species Canopy position DBH (cm) Stem C 02 flux
2000 Selectively logged 121 NI NI NI dominant 53.0 1.23
2000 Selectively logged 206 Sapotaceae Ecclinusa ramiflora dominant 43.1 3.07
2000 Selectively logged 207 Moraceae Brosimum lactascens dominant 38.1 5.14
2000 Selectively logged 208 Lauraceae Aiouea densiflora dominant 69.3 1.03
2000 Selectively logged 209 Burseraceae Protium tenuifolium dominant , 51.1 0.87
2000 Selectively logged 219 Myristicaceae Virola michelii emergent 35.9 1.99
2000 Selectively logged 220 Caesalpiniaceae Copaifera reticulata emergent 64.3 3.09
2000 Selectively logged 304 Lecythidaceae Couratari stellata emergent 46.1 0.98
2000 Selectively logged 305 Moraceae Brosimum lactascens emergent 75.0 1.55
2000 Selectively logged 301 Sapotaceae Pouteria reticulata dominant 35.9 1.97
2000 Selectively logged 302 Mimosaceae Inga edulis dominant 49.2 2.29
2000 Selectively logged 303 Apocynaceae Geissospermum velozii dominant 50.3 0.82
2000 Selectively logged 11 Sapotaceae Manilkara huberi emergent 56.1 2.03
2000 Selectively logged 481 NI NI NI ' emergent 69.0 2.16
2000 Selectively logged 123 Sterculiaceae Sterculia speciosa emergent 56.3 1.07
2000 Selectively logged 223 Sapotaceae Pouteria reticulata emergent 39.5 3.36
2000 Selectively logged 224 Myristicaceae - Virola elongata dominant 60.9 3.38
2000 Selectively logged 104 Caesalpiniaceae Sclerolobium chrysophyllum dominant 46.7 3.38
2000 Selectively logged 124 Lauraceae Aiouea densiflora emergent 35.5 1.29
2000 Selectively logged 125 Celastraceae Goupia glabra dominant 66.8 1.86
2000 Selectively logged 100 Monimiaceae Sipararuna cristata emergent 38.7 2.41
2000 Selectively logged 98 Burseraceae Protium tenuifolium dominant 80.5 1.80
2000 Selectively logged 99 Lecythidaceae Enchweilera amazonica dominant 38.9 0.44
2000 Selectively logged 126 Lecythidaceae Couratari stellata emergent 90.6 2.68
2000 Selectively logged 128 Burseraceae Protium tenuifolium dominant 62.4 2.19
2000 Selectively logged 131 Lecythidaceae Enchweilera amazonica dominant 35.3 1.33
2000 Selectively logged 132 Sapotaceae NI Pouteria dominant 44.0 2.32
2000 Selectively logged 133 Burseraceae Protium tenuifolium dominant 49.1 2.61
2000 Selectively logged 134 Bombacaceae Eriotheca globosa dominant 37.3 2.02
2000 Selectively logged 233 Lauraceae Aiouea densiflora dominant 59.0 0.57
2000 Selectively logged 231 Mimosaceae Inga alba co-dominant 39.5 1.21
2000 Selectively logged 184 Caesalpiniaceae Sclerolobium chrysophyllum emergent 84.4 5.85











Year Site Tree ID Family Genus Species Canopy position DBH (cm) Stem C 02 flux
2000 Selectively logged 280 Rubiaceae Chimarrhis turbinata dominant 41.9 1.53
2000 Selectively logged 365 Lauraceae Mezilaurus lindaviana dominant 63.1 1.46
2000 Selectively logged 533 Vochysiaceae Vochysia maxima emergent 95.6 2.12
2000 Selectively logged 278 Fabaceae Alexa grandiflora dominant 53.1 1.00
2000 Selectively logged 279 Burseraceae Protium tenuifolium dominant 44.8 1.54
2000 Selectively logged 277 Sapotaceae Pouteria reticulata co-dominant 43.4 1.35
2000 Selectively logged 176 Moraceae Brosimum lactascens dominant 58.7 1.99
2000 Selectively logged 148 Myristicaceae Virola michelii emergent 35.0 2.74
2000 Selectively logged 174 Leguminoseae Inga alba dominant 40.5 1.74
2000 Selectively logged 175 Sapotaceae NI Pouteria dominant 42.1 1.95
2000 Selectively logged 240 Moraceae NI NI dominant 40.4 2.23
2000 Selectively logged 336 Lauraceae Aiouea densiflora emergent 57.7 1.04
2000 Selectively logged 335 Lecythidaceae Enchweilera amazonica dominant 36.5 1.28
2000 Selectively logged 332 Burseraceae Protium tenuifolium co-dominant 39.7 1.09
2000 Selectively logged 256 NI NI NI dominant 39.8 1.12
2000 Selectively logged 257 Meliaceae NI Guarea co-dominant 36.5 1.85
2000 Selectively logged 341 Caesalpiniaceae Sclerolobium chrysophyllum dominant 65.8 2.66
2001 Undisturbed 1069 NI NI NI emergent 67.5 1.82
2001 Undisturbed 1068 Malpighiaceae Bysonima aerugo dominant 41.5 1.53
2001 Undisturbed 1070 Moraceae Maquira sclerophylla dominant 50.0 0.95
2001 Undisturbed 1072 NI NI NI dominant 55.5 1.81
2001 Undisturbed 1112 NI NI NI dominant 72.0 2.29
2001 Undisturbed 1159 NI NI NI dominant 44.5 0.46
2001 Undisturbed 1160 NI NI NI dominant 44.5 2.02
2001 Undisturbed 1163 NI NI NI dominant 68.8 2.82
2001 Undisturbed 1250 Celastraceae Maytenus floribunda dominant 24.0 1.32
2001 Undisturbed 1321 NI NI NI dominant 28.0 3.66
2001 Undisturbed 1337 Mimosoideae Inga heterophylla dominant 32.0 3.16
2001 Undisturbed 1338 NI NI NI dominant 31.6 0.35
2001 Undisturbed 1518 NI NI NI dominant 25.6 1.71
2001 Undisturbed 1575 Mimosoideae Pseudopiptadenia psilostachya dominant 31.0 2.61
2001 Undisturbed 1590 Papilionoideae Swartzia sp. dominant 30.1 2.21











Year Site Tree ID Family Genus Species Canopy position DBH (cm) Stem C 02 flux
2001 Undisturbed 1024 Caesalpinioideae Chamaecrista xinguensis co-dominant 38.5 1.54
2001 Undisturbed 1056 Caesalpinioideae Chamaecrista xinguensis co-dominant 38.0 1.28
2001 Undisturbed 1122 Burseraceae Protium punticulatum co-dominant 41.8 0.80
2001 Undisturbed 1164 Caesalpinioideae Chamaecrista xinguensis co-dominant 58.0 1.50
2001 Undisturbed 1231 Bignoniaceae Jacaranda copaia co-dominant 24.2 1.13
2001 Undisturbed 1235 NI NI NI co-dominant 19.3 2.90
2001 Undisturbed 1252 NI NI NI co-dominant 23.7 1.31
2001 Undisturbed 1323 Myristicaceae Iryanthera grandis co-dominant 28.5 1.54
2001 Undisturbed 1333 Ebenaceae Diospyros sp. - co-dominant 25.0 2.63
2001 Undisturbed 1339 Guttiferae Vismia japurensis co-dominant 16.3 3.34
2001 Undisturbed 1340 NI NI NI co-dominant 26.3 1.53
2001 Undisturbed 1343 Burseraceae Protium punticulatum co-dominant 20.5 1.67
2001 Undisturbed 1520 NI NI NI co-dominant 22.2 2.97
2001 Undisturbed 1524 NI NI NI co-dominant 35.7 1.37
2001 Undisturbed 1572 NI NI NI co-dominant 38.3 2.54
2001 Undisturbed 1025 Apocynaceae Geissospermum sericeum suppressed 42.5 1.29
2001 Undisturbed 1224 Burseraceae Protium punticulatum suppressed 23.0 0.40
2001 Undisturbed 1258 Mimosoideae Inga heterophylla suppressed 16.7 0.88
2001 Undisturbed 1342 Burseraceae Protium punticulatum suppressed 18.5 1.84
2001 Undisturbed 1589 NI NI NI suppressed 17.8 2.36
2001 Undisturbed 2030 NI NI NI emergent 37.5 1.30
2001 Undisturbed 2506 Caesalpinioideae Copaifera multijuga emergent 85.4 1.32
2001 Undisturbed 2514 NI NI NI emergent 43.0 2.93
2001 Undisturbed 2536 NI NI NI emergent 86.4 0.96
2001 Undisturbed 2642 NI NI NI emergent 81.2 2.56
2001 Undisturbed 2008 Myristicaceae Iryanthera grandis dominant 29.3 0.79
2001 Undisturbed 2067 Vochysiaceae NI NI dominant 38.4 0.25
2001 Undisturbed 2071 Myristicaceae Virola melinonii dominant 23.4 1.64
2001 Undisturbed 2075 Lecythidaceae Lecythis pisonis dominant 33.4 1.10
2001 Undisturbed 2503 NI NI NI dominant 36.0 1.43
2001 Undisturbed 2613 NI NI NI dominant 45.8 1.68
2001 Undisturbed 2646 NI NI NI dominant 52.1 2.38











Year Site Tree ID Family Genus Species Canopy position DBH (cm) Stem C 02 flux
2001 Undisturbed 2828 Apocynaceae Aspidosperma album dominant 22.3 0.55
2001 Undisturbed 2831 Moraceae Brosimum lactescens dominant 34.6 1.69
2001 Undisturbed 2840 Leguminosae- Caesalj Sclerolobium sp. - dominant 24.7 1.76
2001 Undisturbed 2842 Flacourtiaceae Lindackeria latifolia dominant 30.5 0.82
2001 Undisturbed 2860 NI NI NI dominant 22.0 1.40
2001 Undisturbed NI NI NI dominant 36.7 0.72
2001 Undisturbed 2047 NI NI NI co-dominant 22.5 4.04
2001 Undisturbed 2069 Annonaceae Duguetia echinophora co-dominant 24.2 0.66
2001 Undisturbed 2472 NI NI NI co-dominant 31.1 1.15
2001 Undisturbed 2821 NI NI NI co-dominant 20.5 0.63
2001 Undisturbed 2827 Leguminosae-Caesalp Chamaecrista sp. - co-dominant 22.8 1.51
2001 Undisturbed 2832 Myrtaceae Myrciaria floribunda co-dominant 23.9 0.53
2001 Undisturbed 2852 Moraceae Brosimum guianensis co-dominant 23.7 1.69
2001 Undisturbed 2862 Quiinaceae Lacunaria jenmanii co-dominant 21.1 0.75
2001 Undisturbed 2867 Lecythidaceae Eschweilera sp. co-dominant 16.2 0.47
2001 Undisturbed NI NI NI co-dominant 22.9 0.66
2001 Undisturbed NI NI NI co-dominant 24.6 0.90
2001 Undisturbed 2033 NI NI NI suppressed 16.6 1.67
2001 Undisturbed 2048 NI NI NI suppressed 12.5 0.51
2001 Undisturbed 2049 Moraceae Maquira sclerophylla suppressed 26.3 1.47
2001 Undisturbed 2053 NI NI NI suppressed 12.4 1.40
2001 Undisturbed 2055 Myristicaceae Iryanthera sagotiana suppressed 11.7 1.02
2001 Undisturbed 2063 Annonaceae Guatteria poeppigiana suppressed 14.3 1.70
2001 Undisturbed 2077 NI NI NI suppressed 24.3 0.44
2001 Undisturbed 2834 NI NI NI suppressed 15.0 3.19
2001 Undisturbed 2871 NI NI NI suppressed 12.2 0.77
2001 Undisturbed 3024 Leguminosae-Caesalp Sclerolobium melanocarpum emergent 74.6 3.74
2001 Undisturbed 2026 Sapotaceae Manilkara huberi emergent 70.8 1.11
2001 Undisturbed 3027 Leguminosae-Papilioi Swartzia sp. emergent 65.8 1.37
2001 Undisturbed 3049 Vochysiaceae Vochysia maxima emergent 47.1 4.57
2001 Undisturbed 3053 Sapotaceae Manilkara huberi emergent 86.6 2.43
2001 Undisturbed 3057 Vochysiaceae Erisma uncinatum emergent 69.9 2.81











Year Site Tree ID Family Genus Species Canopy position DBH (cm) Stem C 02 flux
2001 Undisturbed 3153 Boraginaceae Cordia bicolor emergent 43.7 1.87
2001 Undisturbed 3169 Bignoniaceae Tabebuia serratifolia emergent 56.1 0.58
2001 Undisturbed 3171 Anacardiaceae Astronium lecointei emergent 52.5 0.70
2001 Undisturbed 3181 NI NI NI emergent 98.7 1.95
2001 Undisturbed 3184 Lauraceae Ocotea baturitensis emergent 51.4 1.37
2001 Undisturbed NI NI NI emergent 91.0 2.19
2001 Undisturbed 3025 NI NI NI dominant 64.8 0.83
2001 Undisturbed 3030 Sapotaceae Pouteria guianensis dominant 71.4 0.65
2001 Undisturbed 3046 NI NI NI dominant 63.5 2.47
2001 Undisturbed 3151 NI NI NI dominant 36.0 1.28
2001 Undisturbed 3177 Humiriaceae Endopleura uchi dominant 60.7 1.40
2001 Undisturbed 3253 NI NI NI dominant 23.0 0.92
2001 Undisturbed 3282 Leguminosae-Caesalp Dialium guianensis dominant 30.8 4.36
2001 Undisturbed 3737 NI NI NI dominant 34.3 0.51
2001 Undisturbed 3816 NI NI NI dominant 21.7 2.32
2001 Undisturbed NI NI NI dominant 26.4 0.63
2001 Undisturbed NI NI NI dominant 55.2 1.10
2001 Undisturbed 3029 NI NI NI co-dominant 51.5 1.05
2001 Undisturbed 3251 NI NI NI co-dominant 31.0 0.55
2001 Undisturbed 3280 Rubiaceae Coussarea racemosa co-dominant 28.3 1.68
2001 Undisturbed 3298 Sapotaceae Pouteria macrophylla co-dominant 17.0 0.68
2001 Undisturbed 3329 NI NI NI co-dominant 17.2 1.95
2001 Undisturbed 3330 NI NI NI co-dominant 36.0 0.54
2001 Undisturbed 3331 Sapotaceae Manilkara huberi co-dominant 25.8 0.62
2001 Undisturbed 3334 NI NI NI co-dominant 32.5 1.26
2001 Undisturbed 3792 NI NI NI co-dominant 28.8 0.28
2001 Undisturbed 3794 NI NI NI co-dominant 29.0 0.66
2001 Undisturbed 3799 NI NI NI co-dominant 30.2 2.10
2001 Undisturbed NI NI NI co-dominant 26.4 0.99
2001 Undisturbed 3279 NI NI NI suppressed 27.3 1.04
2001 Undisturbed 3310 NI NI NI suppressed 13.0 2.33
2001 Undisturbed 3328 NI NI NI suppressed 17.3 1.14











Year Site Tree ID Family Genus Species Canopy position DBH (cm) Stem C 02 flux
2001 Undisturbed 3752 NI NI NI suppressed 15.6 1.32
2001 Undisturbed 3754 Myristicaceae Iryanthera grandis suppressed 15.0 1.70
2001 Undisturbed 4926 Flacourtiaceae Laetia procera emergent 62.8 2.35
2001 Undisturbed 4095 NI NI NI dominant 23.6 2.40
2001 Undisturbed 4556 NI NI NI dominant 44.7 0.70
2001 Undisturbed 4677 NI NI NI dominant 40.0 2.88
2001 Undisturbed 4793 Moraceae Brosimum lactescens dominant 54.5 2.53
2001 Undisturbed 4797 Lecythidaceae Couratari guianensis dominant 62.0 2.40
2001 Undisturbed 4011 NI NI NI co-dominant 26.1 2.13
2001 Undisturbed 4122 NI NI NI co-dominant 15.2 0.98
2001 Undisturbed 4306 NI NI NI co-dominant 26.2 1.18
2001 Undisturbed 4315 Lecythidaceae Couratari guianensis co-dominant 24.7 0.84
2001 Undisturbed 4325 NI NI NI co-dominant 23.8 1.06
2001 Undisturbed 4329 Lecythidaceae Couratari guianensis co-dominant 17.3 1.36
2001 Undisturbed 4077 Myristicaceae Iryanthera grandis suppressed 16.7 2.59
2001 Undisturbed 4080 NI NI NI suppressed 27.3 1.01
2001 Undisturbed 4093 NI NI NI suppressed 18.2 2.32
2001 Selectively logged 24 Lecythidadeae Eschweilera obversa emergent 38.5 0.68
2001 Selectively logged 32 NI NI NI emergent 48.6 0.29
2001 Selectively logged 16 Apocynaceae Geissospermum sericeum dominant 73.7 1.47
2001 Selectively logged 25 NI NI NI dominant 53.0 1.43
2001 Selectively logged 33 Meliaceae Carapa guianensis dominant 47.0 0.79
2001 Selectively logged 0 49 Bombacaceae Eriotheca globosa dominant 30.3 1.36
2001 Selectively logged 0 29 Lauraceae Ocotea baturitensis dominant 35.4 2.94
2001 Selectively logged 0 4 NI NI NI dominant 31.0 0.34
2001 Selectively logged 0 6 NI NI NI dominant 31.6 0.95
2001 Selectively logged 0 18 NI NI NI dominant 23.5 0.65
2001 Selectively logged 0 41 NI NI NI dominant 24.4 0.82
2001 Selectively logged 0 8 NI NI NI dominant 25.6 1.44
2001 Selectively logged 0 20 NI NI NI co-dominant 20.0 0.79
2001 Selectively logged 0 22 Lecythidadeae Eschweilera obversa co-dominant 20.5 0.92
2001 Selectively logged 0 11 Myristicaceae Virola melinonii co-dominant 15.8 1.91











Year Site Tree ID Family Genus Species Canopy position DBH (cm) Stem C 02 flux
2001 Selectively logged 0 28 NI NI NI co-dominant 34.5 1.67
2001 Selectively logged 0 44 NI NI NI co-dominant 26.7 3.63
2001 Selectively logged 0 42 NI NI NI co-dominant 25.0 0.27
2001 Selectively logged 0 7 NI NI NI co-dominant 29.4 2.28
2001 Selectively logged 0 27 NI NI NI suppressed 14.3 0.65
2001 Selectively logged 0 24 Lauraceae Licaria brasiliensis suppressed 19.5 0.82
2001 Selectively logged 0 26 Myristicaceae Iryanthera grandis suppressed 13.0 0.41
2001 Selectively logged 0 46 Sapotaceae Pouteria sp. suppressed 13.5 0.86
2001 Selectively logged 0 43 Myrtaceae Myrciaria floribunda suppressed 18.0 0.73
2001 Selectively logged 0 39 Apocynaceae Himatanthus sucuuba suppressed 10.0 0.70
2001 Selectively logged 0 40 Myristicaceae Virola melinonii suppressed 10.6 1.01
2001 Selectively logged 0 12 Cecropiaceae Cecropia suppressed 9.6 0.42
2001 Selectively logged 0 33 Lecythidadeae Eschweilera coriacea suppressed 9.5 0.24
2001 Selectively logged 0 17 NI NI NI suppressed 14.5 2.14
2001 Selectively logged 0 31 NI NI NI suppressed 25.2 1.81
2001 Selectively logged 0 37 Anacardiaceae Tapirira guianensis suppressed 21.2 1.10
2001 Selectively logged 0 25 Anacardiaceae Tapirira guianensis suppressed 21.4 1.11
2001 Selectively logged 0 30 NI NI NI suppressed 9.0 0.49
2001 Selectively logged 0 47 NI NI NI suppressed 16.0 0.66
2001 Selectively logged 0 3 NI NI NI suppressed 12.0 0.77
2001 Selectively logged 0 35 NI NI NI suppressed 12.3 0.57
2001 Selectively logged 0 9 NI NI NI suppressed 18.7 0.92
2001 Selectively logged 0 48 NI NI NI suppressed 17.2 0.65
2001 Selectively logged 159 Leguminosae-Caesalp Sclerolobium melanocarpum emergent 93.8 1.12
2001 Selectively logged 161 Leguminosae-Mimosc Parkia multijuga emergent 49.7 3.16
2001 Selectively logged 166 Celastraceae Goupia glabra emergent 55.0 4.25
2001 Selectively logged 184 Leguminosae-Caesalp Sclerolobium melanocarpum emergent 87.4 1.12
2001 Selectively logged 186 Lecythidaceae Couratari guianensis emergent 89.6 1.89
2001 Selectively logged 198 Lecythidadeae Eschweilera amazonica emergent 41.2 1.92
2001 Selectively logged 4 50 NI NI NI emergent 35.2 0.41
2001 Selectively logged 4 42 NI NI NI emergent 37.2 1.95
2001 Selectively logged 4 49 NI NI NI emergent 42.5 1.33











Year Site Tree ID Family Genus Species Canopy position DBH (cm) Stem C 02 flux
2001 Selectively logged 4 47** NI NI NI emergent 60.5 1.64
2001 Selectively logged 4 57 NI NI NI emergent 72.6 0.91
2001 Selectively logged 193 Sapotaceae Manilkara huberi dominant 46.0 2.49
2001 Selectively logged 194 Burseraceae Protium apiculatum dominant 70.0 2.04
2001 Selectively logged 206 NI NI NI dominant 43.7 1.81
2001 Selectively logged 207 Moraceae Brosimum lactescens dominant 39.4 2.84
2001 Selectively logged 208 NI NI NI dominant 71.0 3.86
2001 Selectively logged 4 25 Sapotaceae Manilkara huberi dominant 24.0 2.81
2001 Selectively logged 4 21 NI NI NI dominant 32.4 4.11
2001 Selectively logged 4 44 NI NI NI dominant 25.0 3.82
2001 Selectively logged 4 40 NI NI NI dominant 26.0 0.82
2001 Selectively logged 4 63 NI NI NI dominant 27.3 0.87
2001 Selectively logged 4 46 NI NI NI dominant 31.0 1.63
2001 Selectively logged 4 52 NI NI NI dominant 31.0 1.16
2001 Selectively logged 4 53 NI NI NI dominant 31.3 1.49
2001 Selectively logged 4 41 NI NI NI dominant 33.5 1.81
2001 Selectively logged 4 61 NI NI NI dominant 37.5 1.11
2001 Selectively logged 4 45 NI NI NI dominant 40.1 1.70
2001 Selectively logged 4 56 NI NI NI dominant 54.6 1.87
2001 Selectively logged 4 48 NI NI NI dominant 55.5 2.03
2001 Selectively logged 4 35 NI NI NI dominant 65.6 1.25
2001 Selectively logged 118 Leguminosae-Papilior Poecilanthe effusa co-dominant 38.3 1.65
2001 Selectively logged 185 NI NI NI co-dominant 37.1 0.54
2001 Selectively logged 203 Meliaceae Carapa guianensis co-dominant 42.0 3.47
2001 Selectively logged 204 NI NI NI co-dominant 58.6 1.71
2001 Selectively logged 209 Burseraceae Protium apiculatum co-dominant 52.5 1.18
2001 Selectively logged 1155 NI NI NI co-dominant 29.5 1.29
2001 Selectively logged 4 22 NI NI NI co-dominant 17.0 2.38
2001 Selectively logged 4 33 NI NI NI co-dominant 34.0 0.99
2001 Selectively logged 4 14 NI NI NI co-dominant 25.0 1.58
2001 Selectively logged 4 10 NI NI NI co-dominant 33.0 1.39
2001 Selectively logged 4 18 NI NI NI co-dominant 21.4 1.01
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Year Site Tree ID Family Genus Species Canopy position DBH (cm) Stem C 02 flux
2001 Selectively logged 558 Celastraceae Goupia glabra dominant 43.0 1.30
2001 Selectively logged 655 Sapotaceae Pouteria caimito dominant 52.5 0.63
2001 Selectively logged 656 Lauraceae Ocotea baturitensis dominant 47.5 1.73
2001 Selectively logged 1208 Lecythidadeae Eschweilera obversa dominant 22.3 1.95
2001 Selectively logged 1236 Leguminosae-Mimosc Inga heterophylla dominant 20.4 2.03
2001 Selectively logged B J NI NI NI dominant 22.3 0.94
2001 Selectively logged B-12 NI NI NI dominant 27.0 4.06
2001 Selectively logged 303 Apocynaceae Geissospermum sericeum co-dominant 51.3 0.98
2001 Selectively logged 1226 NI NI NI co-dominant 21.7 1.27
2001 Selectively logged 1247 Cecropiaceae Pourouma guianensis co-dominant 30.6 0.46
2001 Selectively logged 1247 Cecropiaceae Pourouma guianensis co-dominant 30.6 0.55
2001 Selectively logged B-17 NI NI NI co-dominant 24.0 1.08
2001 Selectively logged 1218 Burseraceae Protium apiculatum suppressed 28.7 1.16
2001 Selectively logged 1229 Burseraceae Protium apiculatum suppressed 15.8 0.77
2001 Selectively logged 1230 NI NI NI suppressed 16.6 0.36
2001 Selectively logged 1234 NI NI NI suppressed 15.5 0.95
2001 Selectively logged 1245 Lecythidadeae Eschweilera obversa suppressed 25.3 3.98
2001 Selectively logged 1253 Burseraceae Protium apiculatum suppressed 21.7 1.32
2001 Selectively logged 1279 Violaceae Rinoreae quianensis suppressed 35.0 1.76
2001 Selectively logged B-4 NI NI NI suppressed 11.5 1.04
2001 Selectively logged 8 Sapotaceae Pouteria caimito emergent 51.6 4.64
2001 Selectively logged 7 Lecythidadeae Eschweilera amazonica dominant 35.3 1.41
2001 Selectively logged 1115 Leguminosae-Mimosc Inga heterophylla dominant 28.6 0.53
2001 Selectively logged 1105 NI NI NI co-dominant 23.0 1.16
2001 Selectively logged 1112 NI NI NI co-dominant 44.0 2.46
2001 Selectively logged 1110 Lauraceae Licaria brasiliensis suppressed 15.5 0.96
2001 Selectively logged 11 Sapotaceae Manilkara huberi dominant 56.4 1.78
2001 Selectively logged 233 NI NI NI emergent 53.7 1.59
2001 Selectively logged G 30 NI NI NI emergent 83.0 0.72
2001 Selectively logged 92 Lecythidadeae Eschweilera obversa dominant 46.3 1.95
2001 Selectively logged 94 Apocynaceae Geissospermum sericeum dominant 55.3 1.82
2001 Selectively logged 183 NI NI NI dominant 46.0 0.93











Year Site Tree ID Family Genus Species Canopy position DBH (cm) Stem C 02 flux
2001 Selectively logged 360 NI NI NI dominant 65.3 3.18
2001 Selectively logged 362 Meliaceae Carapa guianensis dominant 91.3 1.52
2001 Selectively logged 363 Sapotaceae Pouteria caimito dominant 53.0 2.15
2001 Selectively logged 410 Moraceae Brosimum lactescens dominant 51.0 1.85
2001 Selectively logged 412 Lecythidadeae Eschweilera obversa dominant 47.0 1.95
2001 Selectively logged 1419 Lecythidadeae Cariniana micrantha dominant 29.2 4.08
2001 Selectively logged 1446 Meliaceae Guarea sp. dominant 24.7 0.96
2001 Selectively logged 1479 Boraginaceae Cordia bicolor dominant 32.7 1.87
2001 Selectively logged G 2 NI NI NI dominant 46.7 0.54
2001 Selectively logged 95 Lecythidadeae Eschweilera coriacea co-dominant 43.0 2.09
2001 Selectively logged 488 Leguminosae-Caesalp Sclerolobium melanocarpum co-dominant 38.5 0.72
2001 Selectively logged 1386 Lauraceae Licaria brasiliensis co-dominant 18.7 1.26
2001 Selectively logged 1413 NI NI NI co-dominant 30.7 1.88
2001 Selectively logged 1414 Violaceae Rinoreae quianensis co-dominant 35.3 0.88
2001 Selectively logged 1484 Leguminosae-Mimosc Inga heterophylla co-dominant 26.4 1.11
2001 Selectively logged 1453 Lecythidaceae Couratari guianensis suppressed 22.0 0.66
2001 Selectively logged 1470 Sapotaceae Pouteria caimito suppressed 21.5 1.98
2001 Selectively logged 1473 Violaceae Rinoreae quianensis suppressed 18.0 1.43
2001 Selectively logged 1480 Myristicaceae Virola melinonii suppressed 13.5 0.74
2001 Selectively logged G 16 NI NI NI suppressed 28.4 0.95
2001 Selectively logged 63 Lecythidaceae Couratari guianensis emergent 75.4 2.16
2001 Selectively logged 69 NI NI NI emergent 41.7 3.16
2001 Selectively logged 339 Sapotaceae Manilkara huberi emergent 55.0 2.84
2001 Selectively logged 70 Burseraceae Protium apiculatum dominant 91.6 1.96
2001 Selectively logged 249 Leguminosae-Papilior Poecilanthe effusa dominant 37.6 0.79
2001 Selectively logged 250 Moraceae Maquira sclerophylla dominant 52.8 0.97
2001 Selectively logged 255 Cecropiaceae Pourouma guianensis dominant 39.3 1.36
2001 Selectively logged 1651 NI NI NI dominant 29.5 1.38
2001 Selectively logged 1727 Sapotaceae Manilkara huberi dominant 28.0 0.62
2001 Selectively logged L 12 NI NI NI dominant 47.5 2.06
2001 Selectively logged 257 Meliaceae Guarea sp. co-dominant 37.0 1.23
2001 Selectively logged 1681 Myristicaceae Virola melinonii co-dominant 16.0 0.52











Year Site Tree ID Family Genus Species Canopy position DBH (cm) Stem C 02 flux
2001 Selectively logged 1645 Sapotaceae Pouteria caimito suppressed 18.7 0.88
2001 Selectively logged 1647 Violaceae Rinoreae quianensis suppressed 22.0 0.45
2001 Selectively logged 1686 Burseraceae Protium apiculatum suppressed 16.0 0.60
2001 Selectively logged 1715 NI NI NI suppressed 16.0 0.76
2001 Selectively logged 1717 Leguminosae-Mimosc Inga heterophylla suppressed 12.4 0.82
2001 Selectively logged 1719 Cecropiaceae Pourouma guianensis suppressed 14.7 0.83
Table A.2. Biweekly measurements of stem C 02flux (pmol m 2 s'1) at TNF (2001-2002).
Site Tree ID 11/22/01 12/5/01 12/27/01 12/28/01 1/9/02 1/10/02 1/18/02 1/25/02
Undisturbed 2019 nd 0.65 nd nd 1.15 0.93 nd nd
Undisturbed 2020 nd 0.49 nd nd 0.55 1.19 nd nd
Undisturbed 2023 nd 0.44 nd nd 0.73 0.75 nd nd
Undisturbed 2030 nd 1.34 nd nd 2.95 3.38 nd nd
Undisturbed 2047 nd 1.10 nd nd 2.05 1.36 nd nd
Undisturbed 2048 nd 1.54 nd nd 1.30 0.65 nd nd
Undisturbed 2049 nd 0.69 . nd nd 2.15 2.14 nd nd
Undisturbed 2493 nd 2.27 nd nd 2.72 1.76 nd nd
Undisturbed 2821 nd 0.43 nd nd 0.73 0.48 nd nd
Undisturbed 2827 nd 1.75 nd nd 0.76 2.94 nd nd
Undisturbed 2831 nd 0.86 nd nd 0.98 1.01 nd nd
Undisturbed 2832 nd 0.30 nd nd 1.31 1.19 nd nd
Undisturbed 4092 1.80 1.03 nd nd 2.95 1.04 nd nd
Undisturbed 4093 1.33 0.95 nd nd nd 1.20 nd nd
Undisturbed 4095 2.32 nd nd nd 0.62 1.36 nd nd
Undisturbed 4306 1.40 1.36 nd nd 0.71 2.05 nd nd
Undisturbed 4307 nd 1.73 nd nd 0.53 1.22 nd nd
Undisturbed 4308 1.54 1.44 nd nd nd 1.36 nd nd
Undisturbed 4315 nd nd nd nd nd 0.97 nd nd
Undisturbed 4797 nd 1.31 nd nd nd 1.44 nd nd
Selectively logged 63 nd nd 0.59 nd nd nd 1.36 nd
Selectively logged 68 nd nd 0.93 nd nd nd 0.93 nd
Selectively logged 255 nd nd nd 1.15 nd nd 0.77 0.95
Selectively logged 339 nd nd nd 2.06 nd nd 0.97 1.75
Selectively logged 1216 nd nd nd nd nd nd nd nd
Selectively logged 1229 nd nd nd nd nd nd nd 3.82
Selectively logged 1236 nd nd nd nd nd nd nd 4.66
Selectively logged 1253 nd nd nd nd nd nd nd 2.66
Selectively logged 1645 nd nd 0.29 nd nd nd 0.54 nd
Selectively logged 1647 nd nd 0.52 nd nd nd 0.33 nd
Selectively logged 1669 nd nd 0.52 nd nd nd 1.06 0.36
Selectively logged 1686 nd nd 0.46 nd nd nd 0.77 1.66
Selectively logged 1705 nd nd nd 1.46 nd nd 3.69 3.48
Selectively logged 1715 nd nd nd 0.75 nd nd 0.48 nd
Selectively logged 1717 nd nd nd 0.41 nd nd 0.27 0.63
Selectively logged 1719 nd nd nd 0.60 nd nd 1.15 1.14
Selectively logged 1727 nd nd nd 0.55 nd nd 0.74 1.47
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Tree ID 2/6/02 2/27/02 2/22/02 4/19/02 5/7/02 5/14/02 5/28/02 8/7/02 8/14/02 8/18/02 8/19/02
2019 0.62 nd 0.73 0.35 nd nd nd nd nd nd nd
2020 0.50 nd 0.98 0.85 nd nd nd nd nd nd nd
2023 0.48 1.07 0.86 2.27 nd nd nd nd nd nd nd
2030 1.71 0.89 nd nd nd nd nd nd nd nd
2047 0.98 nd nd 1.42 nd 1.25 nd nd 3.52 nd nd
2048 0.43 nd nd nd nd 0.42 nd nd 2.70 nd nd
2049 0.43 nd 0.99 0.49 nd 1.22 nd nd 3.31 nd nd
2493 1.39 nd 0.66 nd nd nd nd nd nd nd nd
2821 0.42 nd 0.67 0.62 nd nd nd nd nd nd nd
2827 1.07 nd 1.06 0.29 nd nd nd nd nd nd nd
2831 0.52 nd 0.58 0.69 nd nd nd nd 2.20 nd nd
2832 0.29 nd 0.51 0.83 nd 0.38 nd nd 0.96 nd nd
4092 0.52 3.01 1.34 2.15 nd 0.08 nd nd nd 0.23 nd
4093 0.63 nd nd 1.27 nd 0.81 nd nd nd 0.63 nd
4095 1.10 0.75 nd 1.66 nd 1.61 nd nd nd 1.00 nd
4306 0.34 0.78 0.73 2.83 nd 0.81 nd nd nd nd nd
4307 0.95 1.20 1.54 0.95 nd 1.56 nd nd nd 0.52 nd
4308 0.94 nd 1.75 1.80 nd 1.94 nd nd nd 1.82 nd
4315 0.97 nd nd nd nd nd nd nd nd 0.73 nd
4797 0.46 nd nd nd nd nd nd nd nd 1.52 nd
63 nd nd nd nd nd nd nd 1.91 nd nd nd
68 nd nd nd nd 1.49 nd nd 1.33 nd nd nd
255 nd nd nd nd 1.11 nd 1.50 2.35 nd nd 0.85
339 nd nd nd nd 1.25 nd 2.01 1.24 nd nd 1.03
1216 nd nd nd nd 0.30 nd 0.37 1.18 nd nd 0.44
1229 nd nd nd nd 0.53 nd 0.54 nd nd nd 1.07
1236 nd nd nd nd nd nd 0.21 nd nd nd nd
1253 nd nd nd nd 2.22 nd nd nd nd nd nd
1645 nd nd nd nd nd nd nd 0.64 nd nd nd
1647 nd nd nd nd nd nd nd 2.4 nd nd 0.64
1669 nd nd nd nd 0.70 nd 0.72 1.39 nd nd nd
1686 nd nd nd nd 0.37 nd 1.80 1.86 nd nd nd
1705 nd nd nd nd 1.46 nd 2.27 0.65 nd nd 0.89
1715 nd nd nd nd nd nd nd nd nd nd nd
1717 nd nd nd nd 0.72 nd 0.88 0.88 nd nd nd
1719 nd nd nd nd 0.20 nd nd nd nd nd 0.24
1727 nd nd nd nd 0.79 nd nd 1.77 nd nd 0.29
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Tree ID 8/20/02 8/26/02 8/27/02 9/28/02
2019 nd nd * 0.25 1.1
2020 nd nd 0.16 2.3
2023 nd nd 0.21 0.8
2030 nd nd 0.84 1.7
2047 nd nd 1.40 nd
2048 nd nd nd nd
2049 0.69 nd 0.73 nd
2493 0.85 nd nd 2.9
2821 0.34 nd 0.28 2.6
2827 1.12 nd 2.11 nd
2831 0.69 nd 0.71 nd
2832 0.46 nd 0.31 nd
4092 0.50 nd 0.28 nd
4093 0.59 nd nd nd
4095 1.25 nd 0.93 nd
4306 1.18 nd 0.33 nd
4307 nd nd nd nd
4308 1.36 nd 1.73 nd
4315 0.64 nd 0.63 nd
4797 1.25 nd 0.88 nd
63 nd nd nd nd
68 nd nd nd nd
255 nd nd nd nd
339 nd nd nd nd
1216 nd 0.55 nd nd
1229 nd nd nd nd
1236 nd nd nd nd
1253 nd nd nd nd
1645 nd nd nd nd
1647 nd nd nd nd
1669 nd nd nd nd
1686 nd nd nd nd
1705 nd nd nd nd
1715 nd nd nd nd
1717 nd nd nd nd
1719 nd 0.19 nd nd
1727 nd 0.65 nd nd











Table A.3. Biweekly measurement o f stem C 02flux (pmol m 2 s-1) at TNF (2002 -2004)
Site Tree ID 9/24/03 10/8/03 4/16/04 5/6/04 5/8/04 5/14/04 6/18/04 7/17/04 7/19/04 8/12/04 8/13/04 9/25/04
undisturbed forest 2007 nd nd nd 1.16 nd nd nd 1.72 nd 1.21 nd 2.40
undisturbed forest 2008 nd nd nd nd nd nd nd 3.00 nd 2.19 nd 1.70
undisturbed forest 2013 nd nd 1.43 nd nd nd nd 0.51 nd 0.88 nd 1.40
undisturbed forest 2017 nd nd nd nd nd nd nd 2.15 nd 1.42 nd 1.30
undisturbed forest 2472 nd nd nd nd nd nd nd nd nd 2.40 nd 4.20
undisturbed forest 2474 nd nd 1.34 nd nd nd nd 2.38 nd 0.68 nd 1.30
undisturbed forest 2481 nd nd 1.17 2.05 nd nd nd 0.65 nd 1.32 nd 0.60
undisturbed forest 2489 nd nd nd nd nd nd nd 1.79 nd 1.37 nd 1.60
undisturbed forest 2503 nd nd nd 1.46 nd nd nd nd nd 4.74 nd 2.00
undisturbed forest 2506 nd nd nd nd nd nd nd 5.58 nd 4.09 nd 4.00
Selectively logged 210 3.2 2.9 nd nd 1.46 3.10 2.22 nd 4.23 nd 3.54 nd
Selectively logged 211 1.9 1.5 nd nd nd 3.10 1.34 nd 3.31 nd 3.95 nd
Selectively logged 216 1.2 6.3 nd nd 1.34 5.64 1.78 nd 3.87 nd 4.01 nd
Selectively logged 217 1.6 2.4 nd nd 2.54 2.28 2.16 nd 1.55 nd 2.49 nd
Selectively logged 218 3.1 5.3 nd nd nd 5.61 4.44 nd 8.38 nd 4.94 nd
Selectively logged 219 2.1 4.9 nd nd 3.05 4.88 4.47 nd 4.17 nd 3.58 nd
Selectively logged 220 6.1 4.9 nd nd nd nd nd nd 5.04 nd 3.36 nd
Selectively logged 1156 2.5 0.8 nd nd 2.01 1.58 2.63 nd 1.34 nd 3.10 nd
Selectively logged 1162 1.8 1.2 nd nd 1.42 2.05 1.58 nd 1.61 nd nd nd
Selectively logged 1164 3.1 1.9 nd nd nd 2.10 1.84 nd 1.02 nd 4.42 nd
Selectively logged 1166 2.5 2.2 nd nd 1.75 1.70 1.34 nd 2.50 nd 5.12 nd
Selectively logged 1167 1.4 1.0 nd nd 1.29 1.75 0.88 nd 1.64 nd 1.90 nd
Selectively logged 1168 1.1 0.4 nd nd nd 1.74 1.42 nd 0.64 nd 0.58 nd
Selectively logged 1170 3.7 1.3 nd nd 0.44 1.87 1.55 nd 2.65 nd 2.43 nd
Selectively logged 1173 0.8 1.7 nd nd 1.08 1.90 0.94 nd 2.21 nd 2.02 nd
Selectively logged 1178 2.4 2.9 nd nd nd 1.58 0.76 nd 2.06 nd 1.87 nd
Selectively logged 1179 2.3 1.7 nd nd nd 2.46 0.88 nd 1.85 nd 2.08 nd
Selectively logged 1181 1.4 0.1 nd nd nd 1.20 0.44 nd 0.92 nd 1.34 nd
Selectively logged 1183 2.7 1.5 nd nd nd 1.23 0.20 nd 0.80 nd 1.17 nd
Selectively logged 1185 2.5 nd nd nd nd 1.64 2.05 nd 4.02 nd 2.26 nd
Table A.4. Stem C 02 fluxes (nmol m2 s'1) measured at LS.
Soil type Plot Tree ID 3/13/01 3/14/01 3/15/01 3/16/01 6/8/01 6/10/01 6/11/01 6/12/01
Inceptilsol A1 2 nd 0.44 nd nd 0.52 nd nd nd
Inceptilsol A1 3 nd 1.12 nd nd 0.52 nd nd nd
Inceptilsol A1 87 nd 2.46 nd nd 1.57 nd nd nd
Inceptilsol A1 89 nd 3.41 nd nd 1.65 nd nd nd
Inceptilsol A1 100 nd 3.8 nd nd 1.19 nd nd nd
Inceptilsol A1 104 nd 1.23 nd nd 1.38 nd nd nd
Inceptilsol A1 107 nd 0.87 nd nd 0.6 nd nd nd
Inceptilsol A1 146 nd 1.41 nd nd 1.56 nd nd nd
Inceptilsol A2 23 nd nd nd nd nd nd nd nd
Inceptilsol A2 25 nd nd nd nd nd nd nd nd
Inceptilsol A2 75 nd nd 5.66 nd nd nd nd nd
Inceptilsol A2 99 nd nd 2 nd nd nd nd nd
Inceptilsol A2 116 nd nd 2.26 nd nd nd nd nd
Inceptilsol A3 72 0.31 nd nd nd nd nd 0.88 nd
Inceptilsol A3 94 nd nd nd nd nd nd 1.78 nd
Inceptilsol A3 108 nd nd nd nd nd nd 1.18 nd
Inceptilsol A3 112 2.6 nd nd nd nd nd 1.09 nd
Inceptilsol A3 119 0.95 nd nd nd nd nd 0.29 nd
Inceptilsol A3 133 nd nd nd nd nd nd 0.39 nd
Inceptilsol A3 138 0.55 nd nd nd nd nd 1.27 nd
Inceptilsol A3 157 1.84 nd nd nd nd nd 1.21 nd
Ultisol LI 12 0.6 nd nd nd nd 1.83 nd nd
Ultisol LI 13 2.74 nd nd nd nd 4.58 nd nd
Ultisol LI 62 1.09 nd nd nd nd 0.93 nd nd
Ultisol LI 87 2.4 nd nd nd nd 1.16 nd nd
Ultisol LI 91 3.28 nd nd nd nd 4.23 nd nd
Ultisol LI 110 1.62 nd nd nd nd 0.67 nd nd
Ultisol LI 179 nd nd nd nd nd 2.72 nd nd
Ultisol tower 1 nd nd nd nd nd nd nd 0.56
Ultisol tower 2 nd nd nd nd nd nd nd 1.04
Ultisol tower 3 nd nd nd nd nd nd nd 0.26
Ultisol tower 4 nd nd nd 2.21 nd nd nd 0.83
Ultisol tower 5 nd nd nd nd nd nd nd 0.71
Ultisol tower 6 nd nd nd nd nd nd nd 0.97
Ultisol Tower 7 nd nd nd 1.09 nd nd nd nd
Ultisol tower 8 nd nd nd nd nd nd nd 0.13
Ultisol tower 9 nd nd nd nd nd nd nd 0.42
Ultisol tower 10 nd nd nd nd nd nd nd 0.81
Ultisol tower 11 nd nd nd nd nd nd nd 0.72
Ultisol tower 12 nd nd nd nd nd nd nd 0.38
Ultisol tower 13 nd nd nd nd nd nd nd 1.29
Ultisol tower 14 nd nd nd 1.31 nd nd nd 0.98
Ultisol tower 15 nd nd nd 1.76 nd nd nd 1.35
Ultisol tower 16 nd nd nd 2.43 nd nd nd 0.67
Ultisol tower 17 nd nd nd 1.26 nd nd nd 0.40
Ultisol tower 18 nd nd nd 0.96 nd nd nd nd
Ultisol tower 19 nd nd nd 0.38 nd nd nd 0.32
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Plot Tree ID 6/13/01 11/3/02 11/12/02 11/13/02 4/2/03 4/8/03 4/9/03 4/17/03 4/16/04 4/15/04
A1 2 nd nd nd nd 0.43 nd nd nd nd 1.2
A1 3 nd nd nd nd 1.00 nd nd nd nd 1.23
A1 87 nd nd nd nd 2.14 nd nd nd nd 2.76
A1 89 nd nd nd nd 3.64 nd nd nd nd 0.62
A1 100 nd nd nd nd 2.74 nd nd nd nd 1.48
A1 104 nd nd nd nd 2.23 nd nd nd nd 0.86
A1 107 nd nd nd nd 1.00 nd nd nd nd 1.19
A1 146 nd nd nd nd 1.89 nd nd nd nd 0.63
A2 23 1.09 0.51 nd nd nd nd nd 0.89 nd 1.84
A2 25 0.79 2.62 nd nd nd nd nd 2.19 nd 4.05
A2 75 1.42 nd nd nd nd nd nd 4.02 nd 2.87
A2 99 1.59 nd nd nd nd nd nd 4.43 nd 4.6
A2 116 2.28 nd nd nd nd nd nd 2.89 nd 5.92
A3 72 nd nd nd nd nd 1.11 nd nd 1.1 nd
A3 94 nd nd 1.28 nd nd 5.4 nd nd 1.64 nd
A3 108 nd nd 0.46 nd nd 5.21 nd nd 1.22 nd
A3 112 nd nd nd nd nd 1.76 nd nd 1.61 nd
A3 119 nd nd nd nd nd 1.17 nd nd 1.58 nd
A3 133 nd nd 1.43 nd nd 0.99 nd nd 1.12 nd
A3 138 nd nd nd nd nd 1.41 nd nd 0.61 nd
A3 157 nd nd nd nd nd 1.1 nd nd nd nd
LI 12 nd nd nd nd nd nd 0.91 nd 2.71 nd
LI 13 nd nd nd nd nd nd 3.91 nd 2.15 nd
LI 62 nd nd nd 0.48 nd nd 0.68 nd 0.81 nd
LI 87 nd nd nd 1.83 nd nd 3.81 nd 1.97 nd
LI 91 nd nd nd 4.03 nd nd 5.74 nd 3.01 nd
LI 110 nd nd nd 1.06 nd nd nd nd 1.31 nd
LI 179 nd nd nd 1.39 nd nd 3.25 nd 1.95 nd
tower 1 nd nd nd nd nd nd nd nd nd nd
tower 2 nd nd nd nd nd nd nd nd nd nd
tower 3 nd nd nd nd nd nd nd nd nd nd
tower 4 nd nd nd nd nd nd nd nd nd nd
tower 5 nd nd nd nd nd nd nd nd nd nd
tower 6 nd nd nd nd nd nd nd nd nd nd
Tower 7 nd nd nd nd nd nd nd nd nd nd
tower 8 nd nd nd nd nd nd nd nd nd nd
tower 9 nd nd nd nd nd nd nd nd nd nd
tower 10 nd nd nd nd nd nd nd nd nd nd
tower 11 nd nd nd nd nd nd nd nd nd nd
tower 12 nd nd nd nd nd nd nd nd nd nd
tower 13 nd nd nd nd nd nd nd nd nd nd
tower 14 nd nd nd nd nd nd nd nd nd nd
tower 15 nd nd nd nd nd nd nd nd nd nd
tower 16 nd nd nd nd nd nd nd nd nd nd
tower 17 nd nd nd nd nd nd nd nd nd nd
tower 18 nd nd nd nd nd nd nd nd nd nd
tower 19 nd nd nd nd nd nd nd nd nd nd
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Table A.5. Stem and branch C 02 flux (pmol rri2 s'1) from control plots o f Seca Floresta site at TNF.
Date Tree ID Scientific name Location Height (m) C 02 Flux
7/29/2003 64 Toulicia guianensis upper stem 12 1.12
7/29/2003 64 Toulicia guianensis upper stem 3.02
9/19/2003 64 Toulicia guianensis upper stem 2.4
7/29/2003 64 Toulicia guianensis lower stem 1.3 1.50
9/19/2003 64 Toulicia guianensis lower stem 3.3
9/19/2003 90 Guatteria schomburgkiana upper stem 12 1.4
9/19/2003 90 Guatteria schomburgkiana lower stem 1.3 1.6
9/19/2003 90 Guatteria schomburgkiana lower stem 1.0
7/29/2003 113 Perebea mollis branch 24 2.49
7/29/2003 114 Perebea mollis branch 2.50
7/29/2003 115 Perebea mollis branch 1.04
8/25/2003 116 Perebea mollis branch 0.93
8/25/2003 117 Perebea mollis branch 5.54
8/25/2003 118 Perebea mollis branch 5.25
8/25/2003 119 Perebea mollis branch 4.31
9/19/2003 120 Perebea mollis branch 3.3
9/19/2003 121 Perebea mollis branch 2.6
9/19/2003 122 Perebea mollis branch 2.7
9/19/2003 123 Perebea mollis branch 4.7
10/1/2003 124 Perebea mollis branch 2.83
10/1/2003 125 Perebea mollis branch 1.87
10/1/2003 126 Perebea mollis branch 0.73
10/1/2003 127 Perebea mollis branch 5.65
10/1/2003 128 Perebea mollis branch 2.84
10/1/2003 129 Perebea mollis branch 2.12
10/1/2003 130 Perebea mollis branch 0.96
10/1/2003 131 Perebea mollis branch 5.02
7/29/2003 132 Perebea mollis lower stem 1.3 2.89
7/29/2003 133 Perebea mollis lower stem 2.52
8/25/2003 134 Perebea mollis lower stem 0.19
8/25/2003 135 Perebea mollis lower stem 0.29
8/25/2003 136 Perebea mollis lower stem 0.46
8/25/2003 137 Perebea mollis lower stem 0.77
9/19/2003 138 Perebea mollis lower stem 1.6
9/19/2003 139 Perebea mollis lower stem 1.3
10/1/2003 140 Perebea mollis lower stem 1.17
10/1/2003 141 Perebea mollis lower stem 1.98
10/1/2003 142 Perebea mollis lower stem 0.80
10/1/2003 143 Perebea mollis lower stem 2.05
10/1/2003 144 Perebea mollis lower stem 1.57
10/1/2003 145 Perebea mollis lower stem 2.07
10/1/2003 146 Perebea mollis lower stem 1.05
9/19/2003 133 Licaria brasiliensis upper stem 12 1.2
9/19/2003 134 Licaria brasiliensis upper stem 1.5
9/19/2003 135 Licaria brasiliensis lower stem 1.6
9/19/2003 136 Licaria brasiliensis lower stem 1.7
7/29/2003 136 Thyrsodium paraense branch 12 3.57
8/21/2003 137 Thyrsodium paraense branch 0.67
8/21/2003 138 Thyrsodium paraense branch 0.59
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Date Tree ID Scientific name Location Height (m) C 02 Flux
8/21/2003 139 Thyrsodium paraense branch 0.71
8/21/2003 140 Thyrsodium paraense branch 0.65
8/21/2003 141 Thyrsodium paraense branch 0.86
8/21/2003 142 Thyrsodium paraense branch 1.17
8/21/2003 143 Thyrsodium paraense branch 0.25
7/29/2003 144 Thyrsodium paraense upper stem 12 0.35
9/19/2003 145 Thyrsodium paraense upper stem 3.7
7/29/2003 146 Thyrsodium paraense lower stem 0.83
8/25/2003 147 Thyrsodium paraense lower stem 0.71
8/25/2003 148 Thyrsodium paraense lower stem 0.58
9/19/2003 149 Thyrsodium paraense lower stem 4.8
9/19/2003 150 Thyrsodium paraense lower stem 3.3
9/19/2003 1406 not identified branch 12 2.5
9/19/2003 1407 not identified lower stem 1.3 1.1
9/19/2003 1408 not identified lower stem 2.0
8/21/2003 86-7 Thyrsodium paraense branch 12 2.86
8/21/2003 86-8 Thyrsodium paraense branch 1.67
8/21/2003 86-9 Thyrsodium paraense branch 1.34
8/21/2003 86-10 Thyrsodium paraense lower stem 1.3 1.68
8/21/2003 86-11 Thyrsodium paraense lower stem 0.65
8/25/2003 86-12 Thyrsodium paraense lower stem 1.35











Table B .l. Surface area of stems and branches o f harvested trees of TNF.



































3 louro amarelo Licaria brasiliensis 1.05 105 111.0 71.0 21.0 0.6 0.4 60.0 0.6 0.1 1980.6
108 tatujuba Bagassa guianensis 0.72 72 85.0 56.0 15.4 0.4 0.3 34.1 nd nd nd
126 sucupira Dipteryx odorata 0.50 50 60.0 36.0 31.0 0.3 0.2 46.7 0.3 0.1 2895.6
128 magaranduba Manikara huberi 0.82 82 105.0 55.0 24.0 0.5 0.3 60.3 0.4 0.1 2000.9
134 andiroba Carapa guianensis 0.55 55 55.0 45.0 19.3 0.3 0.2 30.2 0.4 0.1 3101.5
137 abiu goiabao Pouteria bilocularis 0.43 43 62.5 35.0 24.0 0.3 0.2 36.8 nd nd nd
173 Ipe Tabebuia sp. 0.95 95 95.0 56.0 26.8 0.5 0.3 63.6 0.5 0.1 5489.6
200 andiroba Carapa guianensis 0.50 50 50.0 36.5 19.7 0.3 0.2 26.8 nd nd nd
478 jatoba Hymeneae coubaril 1.15 115 150.0 74.0 37.0 0.8 0.4 130.2 nd nd nd
479 tatujuba Bagassa guianensis 1.50 150 100.0 75.0 17.0 0.5 0.4 46.7 nd nd nd
503 magaranduba Manikara huberi 0.70 70 76.0 51.0 28.7 0.4 0.3 57.3 0.4 0.1 1387.2
755 tatujuba Bagassa guianensis 0.54 54 54.0 53.0 16.6 0.3 0.3 27.9 0.5 0.0 2001.7
764 breu manga Tetagastris altissima 0.47 47 47.0 40.0 14.0 0.2 0.2 19.1 0.3 0.0 879.9
765 breu manga Tetagastris altissima 0.47 47 47.0 36.0 12.3 0.2 0.2 16.0 0.4 0.1 5198.4
1519 muiracatiara Astronium lecointei 0.76 76 76.0 54.0 28.6 0.4 0.3 58.4 nd nd nd
1552 tauari Couratari guianensis 1.30 130 77.0 70.0 33.5 0.4 0.4 77.4 nd nd nd
1575 Ipe Tabebuia sp. 0.95 95 105.0 78.0 10.0 0.5 0.4 28.7 nd nd nd
1640 tauari Couratari guianensis 0.68 68 59.0 43.0 32.7 0.3 0.2 52.4 nd nd nd
1673 cumaru Dipteryx odorata 1.40 140 121.0 107.0 22.0 0.6 0.5 78.8 0.9 0.1 2187.6
1722 andiroba Carapa guianensis 0.80 80 80.0 50.0 26.3 0.4 0.3 53.7 nd nd nd
1958 abiurana Pouteria guianensis 0.60 60 60.0 50.0 22.8 0.3 0.3 39.4 0.4 0.0 1209.6
2011 Ipe Tabebuia sp. 1.30 130 130.0 90.0 31.0 0.7 0.5 107.1 nd nd nd
2074 garapa Apuleia moralis 0.60 60 60.0 40.0 26 0.3 0.2 40.8 0.2 0.0 1149.6
2081 magaranduba Manikara huberi 0.73 73 73.0 50.0 17.6 0.4 0.3 34.0 nd nd nd
2094 breu amescla Trattinickia rhoifolia 0.90 90 90.0 50.0 19.5 0.5 0.3 42.9 nd nd nd
2339 louro preto Ocotea baturitensis 0.70 70 52.5 70.0 28.7 0.3 0.4 55.2 0.5 0.1 1786.9
2373 fava tucupi Parkia multijuga 1.00 100 100.0 87.0 23.5 0.5 0.4 69.0 0.6 0.0 2800.1
2586 magaranduba Manikara huberi 0.76 76 76.0 54.0 21.0 0.4 0.3 42.9 0.2 0.0 3268.1
2848 andiroba Carapa guianensis 0.46 46 46.0 37.0 17.4 0.2 0.2 22.7 0.5 0.0 1226.7
3417 Swartzia oblaceolata Swartzia oblaceolata 0.80 80 80.0 86.0 18.0 0.4 0.4 46.9 nd nd nd
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3464 Lacunaria gemania Lacunaria gemania 0.75 75 56.0 60.0 26.7 0.3 0.3 48.7 nd nd nd
3610 Ipe Tabebuia sp. 1.05 105 105.0 70.0 30.0 0.5 0.4 82.5 nd nd nd
3624 jatoba Hymeneae coubaril 0.85 85 85.0 50.0 34.5 0.4 0.3 73.2 nd nd nd
3785 guaruba Vochysia maxima 0.62 62 62.0 46.0 19.2 0.3 0.2 32.6 nd nd nd
4549 Guariuba Clarisia racemosa 0.70 70 70.0 55.0 24.0 0.4 0.3 47.1 nd nd nd
4570 tauari Couratari guianensis 0.72 72 78.0 49.0 29.7 0.4 0.2 59.2 0.5 0.0 3001.9
4668 amapa Brosimum parinarioides 0.80 80 80.0 48.0 24.6 0.4 0.2 49.5 nd nd nd
4681 breu manga Tetagastris altissima 0.80 80 80.0 82.0 12.3 0.4 0.4 31.3 nd nd nd
5855 matamata branco Eschweilera coriacea 0.70 70 70.0 42.0 27.0 0.4 0.2 47.5 nd nd nd
5960 tauari Couratari guianensis 1.05 105 105.0 70.0 25.5 0.5 0.4 70.1 nd nd nd
5975 guaruba Vochysia maxima 0.65 65 65.0 58.0 17.0 0.3 0.3 32.8 0.3 0.1 1399.9
6128 cedro Cedrela odorata 1.03 103 103.0 70.0 20.0 0.5 0.4 54.4 nd nd nd
7495 muiracatiara Astronium lecointei 0.90 90 90.0 61.0 33.5 0.5 0.3 79.5 0.5 0.1 12098.2
7503 tauari Couratari guianensis 0.80 80 73.5 58.0 25.4 0.4 0.3 52.5 nd nd nd
7523 fava amargosa Vatairea paraensis 0.85 85 79.0 45.0 31.0 0.4 0.2 60.4 nd nd nd
7537 fava tucupi Parkia multijuga 0.72 72 84.0 60.0 24 0.4 0.3 54.3 nd nd nd
7574 magaranduba Manikara huberi 0.60 60 79.5 42.0 24.9 0.4 0.2 47.5 nd nd nd
7582 Ipe Tabebuia sp. 0.70 70 83.0 58.0 21.5 0.4 0.3 47.6 nd nd nd
7929 andiroba Carapa guianensis 0.80 80 80.0 75.0 23.0 0.4 0.4 56.0 nd nd nd
7939 magaranduba Manikara huberi 1.20 120 120 125.0 27.6 0.6 0.6 106.2 nd nd nd
8411 tauari Couratari guianensis 1.05 105 105 76.0 24.0 0.5 0.4 68.2 nd nd nd
8462 itauba Mezilaurus itauba 0.50 50 50 35.0 20.0 0.3 0.2 26.7 nd nd nd
9224 tauari Couratari guianensis 0.88 88 62.0 81.0 22.0 0.3 0.4 49.4 nd nd nd
9241 andiroba Carapa guianensis 0.62 62 62.0 66.0 23.6 0.3 0.3 47.5 nd nd nd
9284 virola Virola melinonii 0.50 50 54.0 30.0 23.0 0.3 0.2 30.3 nd nd nd
9311 cuiarana Terminalia dichotoma 0.70 70 60.0 45.0 24.8 0.3 0.2 40.9 0.5 0.0 2098.2
9324 not identified not identified 0.28 28 28.0 13.0 24.7 0.1 0.1 15.9 0.1 0.1 1298.1
9327 Ipe Tabebuia sp. 1.20 120 107.0 85.0 25.0 0.5 0.4 75.4 nd nd nd
9438 pau santo Zollernia paraensis 0.55 55 55.0 48.0 23.0 0.3 0.2 37.2 nd nd nd
9456 Ipe roxo Tabebuia impetiginosa 0.66 66 66.0 40.0 32.0 0.3 0.2 53.3 nd nd nd
10831 tauari Couratari guianensis 0.52 52 52.0 40.0 20.0 0.3 0.2 28.9 nd nd nd
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10843 louro amarelo Licaria brasiliensis 0.47 47 54.5 32.0 25.5 0.3 0.2 34.6 nd nd nd
10967 tauari Couratari guianensis 0.65 65 60.0 40.0 33.0 0.3 0.2 51.8 nd nd nd
11573 muirapixuna Chamaecrista scleroxylon nd nd nd nd nd nd nd nd 0.3 0.0 898.7
11638 louro tamaquare Caraipa richardiana 0.80 80 90.0 60.0 20.0 0.5 0.3 47.1 nd nd nd
11643 virola Virola melinonii nd nd nd nd nd nd nd nd 0.3 0.1 1897.6
11673 acariquarana Rinorea guianensis 0.55 55 60.0 37.0 9.3 0.3 0.2 14.2 nd nd nd
13448 andiroba Carapa guianensis 0.70 70 80.0 52.0 17.3 0.4 0.3 35.9 0.4 0.1 5201.3
13448 andiroba Carapa guianensis 0.67 67 67.0 62.0 17.0 0.3 0.3 34.4 nd nd nd
15089 magaranduba Manikara huberi 0.66 66 68.5 56.5 26.3 0.3 0.3 51.6 nd nd nd
16524 jatoba Hymeneae coubaril 1.04 104 91.5 85.0 27.8 0.5 0.4 77.1 0.8 0.1 3999.8
ABV01 abiurana verm not identified 0.29 29 29 27 8 0.1 0.1 7.0 0.2 0.0 3201.6
ANR01 andiroba Carapa guianensis 0.40 40 40 21.5 26 0.2 0.1 25.1 0.2 0.1 2003.1
BB01 breu branco not identified 0.15 15 15 11 13.3 0.1 0.1 5.4 0.1 0.0 1897.9
EP01 envira preta not identified 0.40 40 40 30 15 0.2 0.2 16.5 0.2 0.0 1006.9
FFF01 Fava folha fina not identified 0.22 22 22 16 12.5 0.1 0.1 7.5 0.2 0.1 4127.6
FFF02 fava folha fina not identified 0.20 20 20 14.5 14.3 0.1 0.1 7.7 0.1 0.0 2497.6
GOIOl goiabinha not identified 0.19 19 19 16 11 0.1 0.1 6.0 0.2 0.1 598.9
GOROl goiabarana not identified 0.25 25 25 20 16 0.1 0.1 11.3 0.2 0.1 3100.0
ITB01 itaubarana not identified 0.28 28 28 22 10.2 0.1 0.1 8.0 0.2 0.0 1859.8
MCN01 magaranduba Manikara huberi 0.45 45 45 16 32.7 0.2 0.1 31.3 0.1 0.0 1059.4
MMT01 matamata not identified 0.20 20 20 18.5 8.5 0.1 0.1 5.1 0.2 0.1 1987.7
MMT02 matamata not identified 0.26 26 26 17 18 0.1 0.1 12.2 0.2 0.0 1359.0
MMT03 matamata not identified 0.25 25 25 15.5 7.3 0.1 0.1 4.6 0.1 0.0 1489.1
MMT04 matamata not identified 0.19 19 19 15.5 7.3 0.1 0.1 4.0 0.2 0.0 1157.9
MU01 muiratinga not identified 0.35 34.5 34.5 18.5 20.7 0.2 0.1 17.2 0.2 0.0 1489.7
SN01 not identified not identified 0.24 23.5 23.5 20 11.1 0.1 0.1 7.6 0.2 0.0 1956.8
SN02 not identified not identified 0.25 25 25 22 14.2 0.1 0.1 10.5 0.2 0.1 3000.8
SN03 not identified not identified 0.23 23 23 22 12.4 0.1 0.1 8.8 0.2 0.0 2010.3
TCH01 tachi not identified 0.20 20 20 13 20 0.1 0.1 10.4 0.1 0.0 2987.6
TTP01 tatapiririca not identified 0.35 35 35 25 21.6 0.2 0.1 20.4 0.2 0.0 2973.4































































































































































































































































































































































































Table C .l. Line sampling measurement o f soil C 02flux.






Avg Soil C 02F1ux 
pmol m’2 s"1
Std. Dev. 
pmol m 2 s*1
Std. Error 
pmol m"2 s"1
Km 67 A 02/15/01 11:11 AM 16 23.9 23.3 4.61 2.35 0.59
Km 67 B 02/15/01 11:57 AM 12 24.5 23.6 2.95 1.48 0.43
Km 67 C 02/15/01 1:05 PM 8 24.5 23.5 2.97 1.29 0.46
Km 67 D 02/15/01 1:50 PM 11 24.2 23.9 3.49 1.92 0.58
Km 67 A 05/08/01 12:30 PM 8 24.8 2-5.2 4.52 1.54 0.54
Km 67 B 05/08/01 1:41 PM 8 24.7 25.1 4.39 0.80 0.28
Km 67 A 06/06/01 11:17 AM 8 25.6 24.2 3.40 1.32 0.47
Km 67 B 06/06/01 12:37 PM 8 25.3 24.2 3.49 0.92 0.32
Km 67 C 06/06/01 2:33 PM 8 25.2 24.4 4.78 2.07 0.73
Km 67 A 09/11/01 11:37 AM 8 28.4 26.5 3.68 1.12 0.40
Km 67 B 09/11/01 12:45 PM 8 28.4 26.7 4.94 1.41 0.50
Km 67 C 09/11/01 1:59 PM 8 28.6 27.4 5.30 2.08 0.73
Km 67 A 10/09/01 11:02 AM 8 28.6 26.2 2.71 0.57 0.20
Km 67 B 10/09/01 12:13 PM 8 28.2 26.3 3.69 1.17 0.42
Km 67 C 10/09/01 1:19 PM 8 27.9 26.2 3.49 1.12 0.40
Km 67 A 10/30/01 12:20 PM 8 28.0 26.2 4.29 1.63 0.58
Km 67 B 10/30/01 1:29 PM 8 28.6 26.4 5.90 2.45 0.87
Km 67 C 10/30/01 2:33 PM 6 28.1 26.4 5.38 1.79 0.73
Km 67 A 03/05/02 11:54 AM 8 25.9 25.6 5.75 1.99 0.70
Km 67 B 03/05/02 1:02 PM 8 27.2 25.5 4.09 1.18 0.42
Km 67 C 03/05/02 2:18 PM 8 26.9 25.7 6.90 2.90 1.03
Km 67 A 03/26/02 10:57 AM 8 26.9 25.8 5.35 1.23 0.43
Km 67 B 03/26/02 12:17 PM 8 27.1 . 26.4 7.21 2.45 0.87
Km 67 C 03/26/02 1:41 PM 8 27.9 26.8 5.47 1.97 0.70
Km 67 D 03/26/02 2:56 PM 8 27.5 26.6 4.78 2.04 0.72
Km 67 A 05/07/02 10:34 AM 8 26.1 25.3 5.18 1.41 0.50
Km 67 B 05/07/02 11:49 AM 8 26.6 25.6 5.24 2.35 0.83
Km 67 C 05/07/02 12:54 PM 8 26.6 25.6 4.37 1.05 0.37
Km 67 D 05/07/02 2:01 PM 8 26.8 26.0 4.94 2.02 0.71
Km 67 A 05/21/02 9:14 AM 8 26.2 25.8 4.20 0.98 0.35
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Table C.2. Line sampling measurement of soil moisture (%).
Site Date Number o f samples Soil Moisture STD Dev STD Error
Km 67 A 04/02/01 8 41.83 2.80 0.99
Km 67 B 04/02/01 8 43.03 2.42 0.86
Km 67 C 04/02/01 8 42.72 0.98 0.35
Km 67 D 04/02/01 8 42.13 2.30 0.81
Km 67 A 07/03/01 8 45.13 2.17 0.77
Km 67 B 07/03/01 8 40.43 4.57 1.62
Km 67 A 10/27/01 2 36.45 1.32 0.93
Km 67 A 10/30/01 8 35.37 2.00 0.71
Km 67 B 10/30/01 9 36.12 2.88 0.96
Km 67 C 10/30/01 8 37.55 2.29 0.81
Km 67 A 11/13/01 8 39.51 2.31 0.82
Km 67 B 11/13/01 7 38.47 1.41 0.53
Km 67 C 11/13/01 7 38.53 1.15 0.43
Km 67 A 11/27/01 6 37.18 0.96 0.39
Km 67 B 11/27/01 8 37.76 6.83 2.41
Km 67 C 11/27/01 8 36.32 3.87 1.37
Km 67 A 12/11/01 8 35.13 2.22 0.78
Km 67 B 12/11/01 8 34.78 1.98 0.70
Km 67 C 12/11/01 8 34.90 1.30 0.46
Km 67 A 01/30/02 8 39.05 1.75 0.62
Km 67 B 01/30/02 8 39.62 2.56 0.91
Km 67 A 02/19/02 8 44.34 2.63 0.93
Km 67 B 02/19/02 8 47.30 2.05 0.72
Km 67 C 02/19/02 8 47.23 6.27 2.22
Km 67 A 03/05/02 8 44.78 2.50 0.89
Km 67 B 03/05/02 8 46.33 2.76 0.98
Km 67 C 03/05/02 8 44.79 1.11 0.39
Km 67 A 04/09/02 8 46.13 2.88 1.02
Km 67 B 04/09/02 8 45.93 3.58 1.27
Km 67 C 04/09/02 8 46.59 2.32 0.82
Km 67 D 04/09/02 8 46.87 2.75 0.97
Km 67 A 04/23/02 8 47.54 2.37 0.84
Km 67 B 04/23/02 8 47.43 1.79 0.63
Km 67 C 04/23/02 8 48.48 1.68 0.59
Km 67 D 04/23/02 8 47.27 2.58 0.91
Km 67 A 05/07/02 8 49.77 1.41 0.50
Km 67 B 05/07/02 8 49.21 3.21 1.14
Km 67 C 05/07/02 8 47.73 1.97 0.70
Km 67 D 05/07/02 8 48.24 2.85 1.01
Km 67 A 05/21/02 8 44.70 1.28 0.45
Km 67 B 05/21/02 8 47.25 3.11 1.10
Km 67 C 05/21/02 8 45.61 3.47 1.23
Km 67 D 05/21/02 8 45.57 2.23 0.79
Km 67 A 06/04/02 8 47.41 2.89 1.02
Km 67 B 06/04/02 8 49.96 4.67 1.65
Km 67 C 06/04/02 8 48.10 1.34 0.47
Km 67 D 06/04/02 8 48.19 2.31 0.82
Km 67 A 06/18/02 8 46.79 2.36 0.84
Km 67 B 06/18/02 8 47.22 2.25 0.79
Km 67 C 06/18/02 8 47.75 2.27 0.80
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Site Date Number o f samples Soil Moisture STD Dev STD Error
Km 67 D 06/18/02 8 47.57 2.23 0.79
Km 67 A 07/02/02 8 46.46 3.11 1.10
Km 67 B 07/02/02 8 44.82 1.86 0.66
Km 67 C 07/02/02 8 46.12 2.61 0.92
Km 67 D 07/02/02 8 51.57 3.78 1.34
Km 67 A 07/05/02 8 41.37 1.93 0.68
Km 67 B 07/05/02 8 42.71 2.39 0.85
Km 67 C 07/05/02 8 40.67 2.25 0.80
Km 67 D 07/05/02 8 43.81 3.36 1.19
Km 67 A 08/27/02 8 35.18 1.53 0.54
Km 67 B 08/27/02 8 34.78 1.46 0.52
Km 67 C 08/27/02 8 35.15 1.48 0.52
Km 67 D 08/27/02 8 37.51 1.96 0.69
Km 67 A 09/02/02 6 38.13 2.98 1.22
Km 67 B 08/27/02 8 39.26 2.59 0.92
Km 67 C 08/27/02 8 37.80 2.91 1.03
Km 67 D 08/27/02 8 38.35 1.24 0.44
Km 67 A 09/10/02 8 38.37 2.57 0.91
Km 67 B 09/10/02 8 39.26 2.59 0.92
Km 67 C 09/10/02 8 37.48 2.93 1.04
Km 67 D 09/10/02 8 38.66 0.89 0.31
Km 67 A 09/24/02 8 35.76 1.36 0.48
Km 67 B 09/24/02 8 35.99 1.50 0.53
Km 67 C 09/24/02 8 36.20 0.91 0.32
Km 67 D 09/24/02 8 35.74 1.95 0.69
Km 67 A 10/08/02 8 36.76 0.98 0.35
Km 67 B 10/08/02 8 38.72 2.50 0.88
Km 67 C 10/08/02 8 35.27 1.18 0.42
Km 67 D 10/08/02 8 35.58 1.71 0.60
Km 67 A 10/22/02 8 35.60 1.61 0.57
Km 67 B 10/22/02 8 35.38 0.93 0.33
Km 67 C 10/22/02 8 34.03 1.13 0.40
Km 67 D 10/22/02 8 35.34 1.62 0.57
Km 67 A 11/05/02 8 39.72 0.99 0.35
Km 67 B 11/05/02 8 39.50 1.56 0.55
Km 67 C 11/05/02 8 43.95 3.46 1.22
Km 67 D 11/05/02 8 43.29 4.02 1.42
Km 67 A 11/19/02 7 36.78 1.73 0.66
Km 67 B 11/19/02 8 39.80 1.85 0.65
Km 67 C 11/19/02 8 37.92 1.25 0.44
Km 67 D 11/19/02 8 37.96 1.18 0.42
Km 67 A 12/03/02 8 41.62 4.17 1.47
Km 67 B 12/03/02 8 44.88 2.67 0.95
Km 67 A 12/17/02 8 36.14 3.03 1.07
Km 67 B 12/17/02 8 34.78 2.17 0.77
Km 67 C 12/17/02 8 35.58 1.50 0.53
Km 67 D 12/17/02 8 37.13 2.30 0.81
Km 67 A 01/07/03 8 36.40 1.37 0.48
Km 67 B 01/07/03 8 36.19 1.00 0.35
Km 67 C 01/07/03 8 35.94 2.77 0.98
Km 67 D 01/07/03 8 36.66 1.27 0.45
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Site Date Number o f samples Soil Moisture STD Dev STD Error
Km 67 A 01/21/03 8 36.61 2.25 0.79
Km 67 B 01/21/03 8 36.36 3.25 1.15
Km 67 C 01/21/03 8 36.60 1.92 0.68
Km 67 D 01/21/03 8 36.60 0.91 0.32
Km 67 A 02/04/03 8 39.92 2.17 0.77
Km 67 B 02/04/03 8 37.67 1.39 0.49
Km 67 C 02/04/03 8 37.49 1.20 0.42
Km 67 D 02/04/03 8 38.30 1.48 0.52
Km 67 A 03/11/03 8 43.70 2.33 0.83
Km 67 B 03/11/03 8 41.38 1.92 0.68
Km 67 C 03/11/03 8 43.99 1.65 0.58
Km 67 D 03/11/03 8 41.30 2.68 0.95
Km 67 A 04/08/03 8 46.43 3.06 1.08
Km 67 B 04/08/03 8 44.52 1.68 0.59
Km 67 C 04/08/03 8 46.69 3.44 1.22
Km 67 D 04/08/03 8 48.65 9.90 3.50
Km 67 A 04/22/03 8 46.04 2.54 0.90
Km 67 B 04/22/03 8 49.03 5.17 1.83
Km 67 C 04/22/03 8 43.29 1.65 0.58
Km 67 D 04/22/03 8 44.94 3.06 1.08
Km 67 A 05/06/03 8 46.46 2.80 0.99
Km 67 B 05/06/03 8 47.60 3.61 1.28
Km 67 C 05/06/03 8 46.02 2.57 0.91
Km 67 D 05/06/03 8 46.65 3.44 1.22
Km 67 A 05/20/03 8 51.05 4.50 1.59
Km 67 B 05/20/03 8 47.98 2.15 0.76
Km 67 C 05/20/03 8 47.82 2.98 1.05
Km 67 D 05/20/03 8 47.16 2.70 0.95
Km 67 A 05/20/03 8 50.57 2.97 1.05
Km 67 B 05/20/03 8 47.29 2.67 0.95
Km 67 A 06/17/03 8 43.43 2.94 1.04
Km 67 B 06/17/03 8 42.15 2.81 0.99
Km 67 A 07/15/03 8 44.64 7.64 2.70
Km 67 B 07/15/03 8 44.37 1.36 0.48
Km 67 A 07/29/03 8 37.09 3.15 1.11
Km 67 B 07/29/03 8 38.73 9.85 3.48
Km 67 A 08/12/03 8 44.69 1.24 0.44
Km 67 B 08/12/03 8 44.77 2.42 0.85
Km 67 A 08/26/03 8 42.37 2.58 0.91
Km 67 B 08/26/03 8 40.79 1.61 0.57
Km 67 A 09/09/03 8 44.68 3.89 1.37
Km 67 B 09/09/03 8 41.09 2.77 0.98
Km 67 A 09/23/03 8 40.58 2.71 0.96
Km 67 B 09/23/03 8 41.00 3.37 1.19
Km 67 A 09/25/03 8 50.39 1.75 0.62
Km 67 B 09/25/03 8 49.67 3.70 1.31
Km 67 C 09/25/03 8 49.39 3.03 1.07
Km 67 D 09/25/03 8 47.69 3.83 1.35
Km 67 A 10/07/03 8 41.01 3.97 1.41
Km 67 B 10/07/03 8 40.00 3.04 1.08
Km 67 A 10/21/03 8 42.89 2.93 1.04
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Site Date Number o f samples Soil Moisture STD Dev STD Error
Km 67 B 10/21/03 8 42.00 2.54 0.90
Km 67 A 11/04/03 8 42.97 2.73 0.96
Km 67 B 11/04/03 8 41.46 2.13 0.75
Km 67 A 11/18/03 8 51.77 3.63 1.28
Km 67 B 11/18/03 8 48.24 2.05 0.72
Km 67 A 12/02/03 8 34.18 1.08 0.38
Km 67 B 12/02/03 8 34.78 2.39 0.84
Km 67 C 12/02/03 8 39.09 6.93 2.45
Km 67 D 12/02/03 8 35.56 3.44 1.22
Km 67 A 12/16/03 8 43.99 2.20 0.78
Km 67 B 12/16/03 8 42.38 1.64 0.58
Km 67 A 01/06/04 7 46.35 2.74 1.03
Km 67 B 01/06/04 8 42.75 2.39 0.85
Km 67 A 01/20/04 8 49.82 4.40 1.56
Km 67 B 01/20/04 8 48.44 2.76 0.98
Km 67 A 02/10/04 8 47.78 3.66 1.29
Km 67 B 02/10/04 8 47.37 2.37 0.84
Km 67 A 03/10/04 8 49.82 3.04 1.07
Km 67 B 03/10/04 8 48.77 3.64 1.29
Km 67 A 03/23/04 8 59.13 13.13 4.64
Km 67 B 03/23/04 8 51.77 2.96 1.05
Km 67 A 04/19/04 8 50.30 6.01 2.12
Km 67 B 04/19/04 8 53.14 3.61 1.28
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Table C.3. Grid sampling of soil surface C 02 flux (nmol m2 s'1) during dry season.
Time o f day X (m) Y (m) Air Temp (°C) Soil Temp (°C) C02 Flux Instrument Soil moisture (%)
11:27 AM 0.0 0.0 27.90 25.60 5.53 LI 6262/LI 6251 43.09
12:25 PM 0.0 62.5 27.55 25.55 3.09 LI 6251 40.99
12:46 PM 0.0 125.0 27.65 25.75 2.92 LI 6251 43.41
1:05 PM 0.0 187.5 27.10 26.05 2.06 LI 6251 39.53
1:30 PM 0.0 250.0 27.77 26.07 7.02 LI 6262/LI 6251 43.26
1:19 PM 0.0 500.0 28.30 25.80 3.56 LI 6262 38.38
12:38 PM 0.0 750.0 29.20 26.70 5.72 LI 6262 39.01
12:57 PM 0.0 1000.0 28.70 26.60 3.34 LI 6262 38.11
2:52 PM 62.5 0.0 27.25 26.15 6.10 LI 6251 42.69
3:01 PM 62.5 62.5 27.00 26.25 4.84 LI 6251 40.80
2:41 PM 62.5 125.0 27.00 26.05 3.25 LI 6251 41.35
1:30 PM 62.5 187.5 27.30 26.30 4.90 LI 6251 41.18
3:32 PM 62.5 203.1 27.90 27.20 2.88 LI 6251 41.58
2:15 PM 62.5 218.7 27.90 26.60 9.92 LI 6251 42.70
2:00 PM 62.5 234.3 29.60 27.00 3.00 LI 6251 38.90
2:27 PM 62.5 250.0 27.03 26.30 3.27 LI 6251 40.25
10:46 AM 78.1 187.5 27.80 25.90 3.20 LI 6251 38.30
3:46 PM 78.1 203.1 28.30 27.30 4.09 LI 6251 38.78
2:27 PM 78.1 218.7 28.00 27.10 6.19 LI 6251 40.89
1:45 PM 78.1 234.3 27.80 26.50 3.30 LI 6251 38.07
1:50 PM 78.1 250.0 27.50 26.60 2.88 LI 6251 39.69
11:02 AM 93.7 187.5 27.80 26.60 6.19 LI 6251 37.90
3:59 PM 93.7 203.1 28.10 27.60 2.91 LI 6251 41.95
2:44 PM 93.7 218.7 28.70 27.10 4.61 LI 6251 39.64
1:33 PM 93.7 234.3 28.10 26.60 4.93 LI 6251 36.68
2:04 PM 93.7 250.0 27.10 26.35 2.88 LI 6251 41.21
11:15 AM 109.3 187.5 27.30 26.10 4.99 LI 6251 42.08
4:12 PM 109.3 203.1 27.60 26.70 3.99 LI 6251 38.39
2:55 PM 109.3 218.7 28.30 26.70 3.62 LI 6251 38.75
1:22 PM 109.3 234.3 28.40 26.50 4.58 LI 6251 41.44
12:44 PM 109.3 250.0 27.10 26.70 3.32 LI 6251 41.14
11:56 AM 125.0 0.0 27.50 26.50 4.27 LI 6251 44.30
11:41 AM 125.0 62.5 27.40 25.80 3.96 LI 6251 46.98
12:34 PM 125.0 125.0 27.70 26.50 5.16 LI 6251 39.39
11:21 AM 125.0 187.5 27.45 26.00 4.33 LI 6251 41.72
4:24 PM 125.0 203.1 27.60 26.60 2.39 LI 6251 43.62
3:10 PM 125.0 218.7 27.80 26.70 1.88 LI 6251 39.47
2:43 PM 125.0 234.3 27.60 26.90 5.20 LI 6251 39.90
1:12 PM 125.0 250.0 27.93 26.57 4.19 LI 6251 37.97
2:32 PM 187.5 0.0 27.70 26.40 4.17 LI 6251 42.79
2:54 PM 187.5 62.5 27.50 26.30 3.38 LI 6251 39.10
3:11 PM 187.5 125.0 26.70 26.70 5.94 LI 6251 42.99
3:29 PM 187.5 187.5 27.20 26.70 4.09 LI 6251 39.22
3:51 PM 187.5 250.0 27.20 26.80 3.94 LI 6251 40.42
10:00 AM 250.0 0.0 27.40 25.40 5.61 LI 6262 nd
2:51 PM 250.0 62.5 28.00 26.40 6.54 LI 6262 nd
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Time of day X (m) Y (m) Air Temp (°C) Soil Temp (°C) C 02 Flux Instrument Soil moisture (%)
3:19 PM 250.0 125.0 27.60 26.20 6.09 LI 6262 nd
3:36 PM 250.0 187.5 26.20 28.00 6.52 LI 6262 nd
10:46 AM 250.0 250.0 27.20 26.00 5.38 LI 6262 nd
11:35 AM 250.0 500.0 27.80 26.20 4.11 LI 6262 39.23
11:55 AM 250.0 750.0 26.70 25.60 4.49 LI 6262 39.28
12:23 PM 250.0 1000.0 27.70 25.90 4.71 LI 6262 40.57
11:03 AM 500.0 0.0 28.30 25.30 5.63 LI 6262 42.38
12:33 PM 500.0 250.0 27.65 26.10 5.34 LI 6262/LI 6251 42.02
1:05 PM 500.0 312.5 27.00 27.10 3.97 LI 6251 41.09
10:29 AM 500.0 375.0 26.70 25.40 3.22 LI 6251 41.71
3:52 PM 500.0 437.5 27.70 27.40 2.14 LI 6251 39.28
12:57 PM 500.0 500.0 27.70 25.93 5.44 LI 6262/LI 6251 40.92
1:32 PM 500.0 750.0 27.95 25.80 4.97 LI 6262 43.04
12:26 PM 500.0 1000.0 27.30 26.00 6.42 LI 6262 43.89
2:02 PM 562.5 250.0 27.30 27.10 3.39 LI 6251 38.89
12:45 PM 562.5 312.5 26.30 26.60 5.79 LI 6251 43.78
10:45 AM 562.5 375.0 27.00 25.90 1.94 LI 6251 36.14
3:32 PM 562.5 390.0 27.20 26.80 3.86 LI 6251 38.56
3:21 PM 562.5 406.2 27.40 26.70 5.83 LI 6251 40.73
3:11 PM 562.5 421.8 27.60 26.90 3.51 LI 6251 41.77
3:36 PM 562.5 437.5 27.60 26.60 3.04 LI 6251 36.95
12:42 PM 562.5 500.0 27.30 26.20 4.09 LI 6251 40.99
3:45 PM 578.1 375.0 27.40 27.10 4.07 LI 6251 39.54
3:58 PM 578.1 390.0 27.20 26.80 4.98 LI 6251 47.32
1:20 PM 578.1 406.2 25.40 25.60 4.13 LI 6251 41.81
1:33 PM 578.1 421.8 25.75 26.00 5.10 LI 6251 39.82
1:47 PM 578.1 437.5 25.55 25.80 5.07 LI 6251 38.95
11:35 AM 593.7 375.0 24.80 24.80 4.52 LI 6251 43.70
11:53 AM 593.7 390.0 25.20 25.40 4.70 LI 6251 49.12
12:06 PM 593.7 406.2 24.90 25.10 5.03 LI 6251 37.94
,12:19 PM 593.7 421.8 24.80 25.10 2.67 LI 6251 42.62
12:35 PM 593.7 437.5 25.10 26.00 8.77 LI 6251 53.91
2:54 PM 609.3 375.0 25.70 25.60 6.12 LI 6251 39.83
1:32 PM 609.3 390.0 25.00 25.10 5.37 LI 6251 41.44
1:19 PM 609.3 406.0 24.80 25.60 10.94 LI 6251 38.27
1:06 PM 609.3 421.8 - 25.30 25.30 4.90 LI 6251 46.02
12:51 PM 609.3 437.5 25.10 26.00 6.28 LI 6251 44.55
2:15 PM 625.0 250.0 27.60 27.40 4.88 LI 6251 50.13
12:32 PM 625.0 312.5 27.80 26.50 5.13 LI 6251 50.73
12:55 PM 625.0 375.0 26.00 25.50 3.11 LI 6251 42.03
2:29 PM 625.0 390.6 26.40 25.00 3.28 LI 6251 48.58
2:13 PM 625.0 406.2 25.40 25.10 4.23 LI 6251 45.51
2:02 PM 625.0 421.8 25.50 25.20 4.42 LI 6251 45.38
2:31 PM 625.0 437.5 26.90 26.05 3.11 LI 6252 45.51
12:57 PM 625.0 500.0 28.10 26.90 5.32 LI 6251 39.32
12:16 PM 687.5 312.5 27.60 26.60 5.71 LI 6251 54.56
2:32 PM 687.5 250.0 27.30 26.80 3.21 LI 6251 42.53
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Time o f day X (m ) Y (m) Air Temp (°C) Soil Temp (°C) C 02 Flux Instrument Soil moisture (%)
11:28 AM 687.5 375.0 27.80 26.50 3.94 LI 6251 44.63
2:51 PM 687.5 437.5 28.30 26.70 3.39 LI 6251 40.70
1:13 PM 687.5 500.0 27.90 26.50 3.96 LI 6251 43.28
2:23 PM 750.0 0.0 26.50 25.70 3.85 LI 6262 40.74
2:48 PM 750.0 250.0 27.40 26.60 6.87 LI 6262/LI 6251 38.62
12:02 PM 750.0 312.5 27.10 26.10 5.90 LI 6251 36.23
11:46 AM 750.0 375.0 27.60 26.30 4.91 LI 6251 37.84
2:32 PM 750.0 437.5 28.30 26.60 3.74 LI 6251 41.76
2:24 PM 750.0 500.0 28.05 26.30 4.76 LI 6262/LI 6251 39.53
3:35 PM 750.0 750.0 27.10 25.60 3.78 LI 6262 38.14
3:56 PM 750.0 1000.0 26.80 25.70 6.39 LI 6262 42.15
11:26 AM 1000.0 0.0 28.00 25.00 4.68 LI 6262 35.43
11:52 AM 1000.0 250.0 27.10 25.20 4.57 LI 6262 37.96
12:18 PM 1000.0 500.0 28.50 25.10 4.21 LI 6262 43.49
12:39 PM 1000.0 750.0 28.20 26.20 2.09 LI 6262 40.04
1:03 PM 1000.0 1000.0 27.80 25.50 3.93 LI 6262 37.83











Table C.4. Grid sampling o f soil surface C 02 flux (pmol m 2 s'1) during wet season
Time o f day X (m) Y(m ) Air Temp (°C) Soil Temp (°C) C 02 Flux Instrument Soil moisture (%) Litter layer (g m'2)
10:42 AM 0.0 0.0 26 25.8 4.97 LI 6251 42.5 123.0
10:54 AM 0.0 62.5 25.6 25.8 6.13 LI 6251 38.2 157.7
11:06 AM 0.0 125.0 26.1 25.6 4.13 LI 6251 nd 81.4
11:18 AM 0.0 187.5 26 25.7 4.00 LI 6251 37.2 102.8
1:07 PM 0.0 250.0 26.8 26.05 6.10 LI 6251/LI 820 36.9 135.8
12:09 PM 0.0 500.0 25.6 25.5 3.06 LI 820 33.5 92.9
11:43 AM 0.0 750.0 25.7 25.8 7.58 LI 820 38.6 175.5
11:19 AM 0.0 1000.0 26.7 25.3 3.16 LI 820 43.9 109.2
12:29 PM 62.5 0.0 26.5 26.2 4.68 LI 6251 39.1 154.5
12:16 PM 62.5 62.5 26.9 26.5 10.94 LI 6251 42.0 121.8
12:03 PM 62.5 125.0 26.9 26.3 6.17 LI 6251 38.3 93.5
2:20 PM 62.5 187.5 27.1 26.45 4.77 LI 6251 37.7 188.4
3:31 PM 62.5 203.1 29 27.7 7.32 LI 6251 37.6 95.4
3:17 PM 62.5 218.8 28 27.3 5.94 LI 6251 36.5 215.6
2:03 PM 62.5 234.4 28.7 27.2 6.17 LI 6251 34.5 117.2
12:47 PM 62.5 250.0 27.25 26.6 5.51 LI 6251 35.6 67.0
4:34 PM 78.1 187.5 27.3 27 4.30 LI 6251 35.7 111.7
3:40 PM 78.1 203.1 27.7 27.2 4.92 LI 6251 35.5 67.6
3:07 PM 78.1 218.8 27.8 27.4 3.05 LI 6251 33.6 80.4
2:13 PM 78.1 234.4 27.1 28 2.66 LI 6251 33.8 71.9
1:43 PM 78.1 250.0 27.6 26.9 5.90 LI 6251 33.6 107.8
4:24 PM 93.8 187.5 27.5 27.4 5.12 LI 6251 37.4 100.8
3:48 PM 93.8 203.1 27.5 27.4 4.05 LI 6251 40.2 50.0
2:58 PM 93.8 218.8 28.2 27 6.14 LI 6251 34.9 151.5
2:23 PM 93.8 234.4 27.9 27.6 4.35 LI 6251 44.3 144.9
1:31 PM 93.8 250.0 27.4 26.4 6.53 LI 6251 34.9 88.3
4:14 PM 109.4 187.5 27.3 27.1 5.74 LI 6251 36.9 114.3
4:00 PM 109.4 203.1 27.6 27.1 5.74 LI 6251 34.7 115.1
2:47 PM 109.4 218.8 27.7 27 3.57 LI 6251 35.6 138.8
2:34 PM 109.4 234.4 27.9 27.2 4.84 LI 6251 36.5 155.1
1:19 PM 109.4 250.0 27.4 26.5 4.90 LI 6251 35.1 116.6



















































































































































































































































































































































































































































































































































































































































































































































Time o f day X (m) Y(m ) Air Temp (°C) Soil Temp (°C) C02 Flux Instrument Soil moisture (%) Litter layer (g m'2)
11:06 AM 562.5 500.0 24.9 25.7 5.46 LI 820 47.5 129.7
2:18 PM 578.1 375.0 27.5 26.5 6.46 LI 820 nd nd
2:07 PM 578.1 390.6 26 27.1 4.18 LI 820 40.2 105.1
2:51PM 578.1 406.2 27.4 26.2 6.04 LI 820 35.4 70.9
3:20 PM 578.1 421.8 27.2 26.5 6.43 LI 820 42.6 132.1
3:38 PM 578.1 437.0 27.1 26.3 4.80 LI 820 48.7 146.9
1:51 PM 593.7 375.0 26.5 26.2 8.26 LI 820 nd nd
1:36 PM 593.7 390.6 26.9 26.2 8.67 LI 820 nd nd
4:39 PM 593.7 406.2 27.5 26.8 5.71 LI 820 39.8 98.5
3:49 PM 593.7 421.8 27.2 26.9 4.41 LI 820 40.9 nd
3:58 PM 593.7 437.0 28 26.3 3.84 LI 820 37.1 104.6
1:23 PM 609.3 375.0 27.2 26 4.09 LI 820 nd nd
1:10 PM 609.3 390.6 26.5 25.9 4.68 LI 820 nd nd
4:27 PM 609.3 421.8 27.4 26.6 5.35 LI 820 38.8 nd
4:16 PM 609.3 437.0 26.2 27.5 2.63 LI 820 38.1 98.0
11:03 AM 625.0 250.0 26.8 25.9 6.67 LI 820 37.9 104.4
12:51 PM 625.0 312.5 27.35 27.25 5.35 LI 820 nd 144.8
2:31 PM 625.0 375.0 25.9 25.6 5.12 LI 820 38.5 90.8
5:20 PM 625.0 390.6 26.7 26.4 4.08 LI 820 40.1 187.2
5:10 PM 625.0 406.2 26.5 26.4 4.15 LI 820 37.4 69.9
5:00 PM 625.0 421.8 26.4 26.4 5.37 LI 820 37.9 209.2
4:25 PM 625.0 437.0 26.9 26.3 5.61 LI 820 38.9 209.2
11:29 AM 625.0 500.0 25.4 25.2 3.29 LI 820 35.7 86.2
10:54 AM 687.5 250.0 26.85 25.55 3.62 LI 820 38.3 76.0
12:22 PM 687.5 312.5 26.4 26 6.98 LI 820 37.7 166.8
2:53 PM 687.5 375.0 25.8 25.8 4.51 LI 820 32.7 127.3
1:37 PM 687.5 473.5 25.7 25.6 4.30 LI 820 38.8 157.1
11:56 AM 687.5 500.0 26.4 25.6 10.31 LI 820 43.3 103.6
11:30 AM 750.0 0.0 27.4 26 4.13 LI 820 34.7 65.7
11:25 AM 750.0 250.0 26.65 26 4.51 LI 820 34.6 85.2
3:28 PM 750.0 312.5 25.9 25.6 3.28 LI 820 35.6 125.0
3:12 PM 750.0 375.0 25.9 25.9 11.66 LI 820 33.7 138.8











Time o f day X (m) Y (m) Air Temp (°C) Soil Temp (°C) C 02Flux Instrument Soil moisture (%) Litter layer (g m 2)
12:17 PM 750.0 500.0 25.7 25.8 15.43 LI 820 36.8 188.4
2:57 PM 750.0 750.0 27.7 26.4 5.39 LI 820 37.5 144.8
4:02 PM 750.0 1000.0 27.1 26.9 6.56 LI 820 35.1 85.7
9:06 AM 1000.0 0.0 26 25.5 5.13 LI 820 34.1 147.4
9:33 AM 1000.0 250.0 26.4 25.4 1.40 LI 820 33.7 95.9
9:57 AM 1000.0 500.0 26.4 25.6 3.51 LI 820 35.0 83.7
10:17 AM 1000.0 750.0 26.4 25.4 2.42 LI 820 35.2 31.1
10:41 AM 1000.0 1000.0 26.6 25.6 2.90 LI 820 34.7 77.6
